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0 Benzopyran derivatives and processes for preparation thereof. 



0 A compound of the formula : 




CO 
CO 

00 
CO 



dm 

m 



wherein 

R' and R^ are each iower alkyi, 

R3 is hydroxy or acyloxy and R* is hydrogen, or 

R- and R* are linked together to form a bond, 

R^ is hydrogen or lower alkyI and R^ is hydrogen, lower aikyi or aryl, or 
R^ and R^ are linked together to form lower alkylene, 

R^ iS cyano, acyl, halogen, nitro or lower alkyI, 

X IS cyanciminomethyiene or sulfonyi, and 

Y is single bond, tfiio, imino which may have iower alkyI, 

with certain provisions, pharmaceutically acceptable salts thereof, processes for their preparation, and 
pharmaceutical compositions comprising them as an active ingredient. 



Xerox CoDy Centre 



BNSDOCID: <EP_0389861 A1 



EP 0 389 861 Al 



BENZOPYRAN DERIVATIVES AND PROCESSES FOR PREPARATION THEREOF 



The present invention relates to novel benzopyran derivatives. More particularly, it relates to novel 
benzopyran derivatives -vhich have pharmacological activities such as K channel activator action and the 
like, to processes for preparation thereof, to a pharmaceutical composition comprising the same and to a 
use of the same as a medicament. 
5 Accordingly, one object of the present invention is to provide novel benzopyran derivatives, which are 
useful as channel activator. 

Another object of the present invention is to provide processes for preparation of said benzopyran 
derivatives- 

A further object of the present invention is to provide a pharmaceutical composition comprising, as an 

to active ingredient, said benzopyran derivatives. 

Still further object of the present invention is to provide a use of said benzopyran derivatives as K 
Channel activator, especially vasodilating agent, useful for treating or preventing K channel mediated 
diseases, for example, vascular disorders such as hypertension, angina pectoris, cardiac insufficiency, 
peripheral and cerebral vascular diseases, atherosclerosis, arrhythmia, and the like in human being or 

75 animals. 

The benzopyran derivatives of the present invention are novel and can be represented by the formula 

(1) : 



25 




wherein 

and R*^ are each lower alkyl. 
R- IS hydroxy or acyloxy and R'^ is hydrogen, or 
R- and R"^ are linked together to form a bond. 

R- is hydrogen or lower alkyl and R^ is hydrogen, lower alkyl or aryl, or 
R- and R*' are linked together to form lower alkylene, 

is cyano. acyl, halogen, nitro or lower alkyl, 
X is cyanoiminomethylene or sulfonyl, and 
Y is single bond, thio, imino which may have lower alkyl, 

provided that i) when R^ is cyano. X is cyanoiminomethylene and Y is thio or imino which may have lower 
alkyl, then R^ is hydrogen or lower alkyl and R^ is aryl; and ii) when R'' is cyano, R^ and R^ are linked 
together to form lower alkylene and X is sulfonyl. then Y is thio or imino which may have lower alkyL 

With regard to the compound (I) of the present invention, it is to be noted that there may be one or 
more stereoisomeric pairs due to the presence of one or more asymmetric carbon atom(s) or double bond 
and these isomers or a mixture thereof are included within a scope of the compound (I) of the present 
invention. 

According to the present invention, the object compound (I) can be prepared by the following processes 



50 



2 
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H 



R^-N-X-Y-R 




'5 



(II) 



(III) 

or a salt thereof 



(I-a) 
or a salt thereof 



20 



Process 2 



25 



30 



R^-N-X-Y-R^ 




Acylation 



r^-n-x-y-r"^ 



R 




R 



a 
2 



R" 



35 



(I-a) 
or a salt thereof 



(I-b) 
or a salt thereof 



40 



45 



30 



55 
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Process 3 



5 6 
R^-N-X-Y-R^ 




Elimination of 




(I-c) 
or a salt thereof 



(I-d) 
or a salt thereof 



Process 4 : 



nhr| 



OH 
_2 



Z-Xa-Ya-R 



R!-N-Xa-Ya-Rf 
a I a 




(IV) 

or a salt thereof 



(V) 



(I-e) 
or a salt thereof 



Process 5 




R°-Yc-H 



R^-N-Xa-Yc-R^ 
a . . D 

3 

R 




(I-f) (VI) 

or a salt thereof or a salt thereof 



(l-g) 
or a salt thereof 



A1 l_> 
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Process 6 : 




Z-Xa-A-R 



(VIII) 



8 



;5 



20 



(VII) 

or a salt thereof 




25 



(I-h) 
or a salt thereof 



30 



35 



Process 7 : 




Removal of 
lower alkyl 



R^-N-X-Y-R 



40 



45 



50 



DO 



(I-i) 
or a salt thereof 



wherein 

R\ R2. R3, R*. r5, rs, R^ X and Y are each as aefined above, 

is acyloxy. 
Hi is hydroxy or acyloxy. 
R^ is hydrogen or lower alkyl, 
r! and Rg are each hydrogen, lower atkyi or aryl. 
R3 is lower aikoxycarbonyl, 

is carboxy, 
R^ acid residue. 
Xa is cyanoiminomethylene, 
Ya is single bond or thio. 
Yb is thio» 



(I-j) 

or a salt thereof 
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Yc is imino which may have lower alkyl. 
Z is leaving group, and 
A IS lower aikylene. 

Suitable salts of the compound (1). (l-a), (l-b). (l-c). (l-d). (l-e). (Kg), (l-h), (l-i), (H). (Ill), (IV). (VI) and 
5 (V!l) are conventional non-toxic, pharmaceutically acceptable salts and may include a salt with a base or an 

acid addition salt such as a salt with an inorganic base, for example, an alkali metal salt (e.g. sodium salt. 

potassium salt, cesium salt, etc.), an alkaline earth metal salt (e.g. calcium salt, magnesium salt. etc.). an 

ammonium salt: a salt with an organic base, for example, an organic amine salt (e.g. tnethylamine salt. 

pyndine salt, picoline salt, ethanolamine salt, triethanolamine salt, dicyclohexylamine salt. N.N -diben- 
fo zyiethyienediamlne salt, etc.), etc.; an inorganic acid addition salt (e.g. hydrochloride, hydrobromide, sulfate. 

phosphate, etc.); an organic carboxylic or sulfonic acid addition salt (e.g. formate, acetate, trifluoroacetate. 

maleate. tartrate, methanesulfonate. benzenesulfonate. p-toluenesulfonate. etc.); a salt with a basic or acidic 

ammo acid (e.g. arginme. aspartic acid, glutamic acid, etc.); and the like. 

In the above and subsequent descnptions of the present specification, suitable examples and iilustra- 
?5 tions of the various definitions which the present invention include within the scope thereof are explained m 

detail as follows. 

The term "lower" is intended to mean 1 to 6 carbon atoms, preferably 1 to 4 carbon atoms, unless 
otherwise indicated. 

Suitable "lower alkyl" may include straight or branched one. having 1 to 6 carbon atom(s). such as 
20 methyl, ethyl, propyl, isopropyl, butyl, t-butyl. pentyl. hexyl, or the like, in which the preferred one is methyl, 
ethyl or propyl. 

Suitable "lower aikylene" and the lower aikylene moiety formed by linkage of and may include 
methylene, ethylene, propylene, trimethylene. tetramethylene, pentamethylene, hexamethylene, or the like, 
m which the preferred one is methylene, ethylene or tnmethylene. 

25 Suitable "acyl" and acyl moiety of "acyioxy" may include aliphatic, aromatic, araliphatic. heterocyclic 
and heterocyclic-aliphatic acyl derived from carboxylic. carbonic, carbamic and sulfonic acid, and the 
preferable example of said acyl moiety may be carboxy. lower alkanoyi (e.g. formyi, acetyl, propionyi. 
butyryl, pentanoyl. hexanoyl. etc.), lower alkylsulfonyl, (e.g. mesyl, ethylsuifonyl. propylsulfonyl, butylsul- 
fonyl. hexylsulfonyl, etc.), N,N-di(lower)alkylsulfamoyl (e.g. dimethylsulfanoyl. diethyisulfamoyl, dipropylsul- 

30 famoyl. diisopropylsulfamoyi, dihexylsulfamoyl. etc.), lower alkoxycarbonyi (e.g. methoxycarbonyl, ethox- 
ycarbonyl. propoxycarbonyl, etc.). and the like. 

Suitable "halogen" means fluoro. chloro. bromo and iodo. 

Suitable "leaving group" may include lower alkylthio (e.g. methylthio. ethylthio, etc.). and the like. 
Suitable "aryl" may include phenyl, tolyl. xylyl, cumenyl, mesityl, naphthyl. and the like, preferably one 
35 having 6 to 10 carbon atoms, in which the preferred one is phenyl. 

Suitable "acid residue" may include halogen as mentioned above, acyioxy (e.g. tosyloxy, mesyloxy, 
etc.) and the like. 

Suitable "lower alkoxycarbony" may include methoxycarbonyl, ethoxycarbonyl. propoxycarbonyl, and 
the like. 

40 The processes 1 to 7 for preparing the object compound (I) of the present invention are explained in 
detail m the following. 



Process 1 ; 
45 ' 

the object compound (l-a) or a salt thereof can be prepared by reacting the compound (II) with the 
compound (III) or a salt thereof. 

The present reaction is usually carried out in the presence of a base such as alkyl lithium (e.g. n-butyl 
lithium, etc.), alkali metal hydride (e.g. sodium hydride, potassium hydride, etc.), tri(lower)alkylamine (e.g. 
50 trimethyiamine, triethylamine, etc.). pyridine or its derivative (e.g. picoline. lutidine. 4-dimethylaminopyridine 
etc.), or the like, in case that the compound (III) is used in a free form. 

The present reaction is usually carried out in a solvent such as dioxane. dimethyl sulfoxide, dimethylfor- 
mamide, diethylformamide. dimethylacetamide, benzene, tetrahydrofuran, or any other solvent which does 
not adversely affect the reaction. In case that the base to be used in liquid, it can also be used as a solvent. 
55 The reaction temperature is not critical and the reaction is usually carried out under cooling, at ambient 
temperature or under heating. 

The object compound (l-a) can be used as a starting compound of the Process 2 mentioned 
hereinbelow with or without isolation. 
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Process 2 : 

The obiect compound (>b) or a sait thereof can be prepared by acylanng the compound (l-a) or a salt 
thereof. 

5 The acylating agent used m this reaction is a converticnai one A'hich .s capable of introducing :he acyl 

group as mentioned above into a hydroxy, and may preferably be lower aikanecarboxylic ac:d. lower 
alkanesulfonic acid, their acid anhydnae. their acid halide. their activated ester, their acid amide, and the 
like. 

In case that the acy!ating agent is used m a free acid form, the reaction is usually carried out tn the 
to presence of a conventional condensing agent such as carbodiimide compounds, and the like. 

This reaction is oreferably earned out -n the presence of a base such as those given in the explanation 
of the Process 1 mentioned above. 

This reaction is usually carried out m a solvent such as dimethylformamide. tetrahydrofuran. pyridine or 
any other solvent which does not adversely affect the reaction. 
,'5 The reaction temperature is not critical, and the reaction can be carried out under cooling to warming. 

Process 3 : 

30 The object compound (1-d) or a sa:t thereof can be preoared by subjecting the com.pound (1-c) or a sait 

thereof to eiimination reaction of the comccunc -H. 

The elimination reaction can usually be carried out by an inorganic base such as alkali metal hydride 

(e.g. sodium hydride, potassjum hydride, etc.). or the like, and an organic base such as tnaikyiamine (e.g. 

trim.ethylamine. triethylamme. etc.). picoiine. N-methyipyrrolidine, N-methylmorpholtne. 1 .S-diazaoicyclo- 
35 [4.3.0]non-5-one. 1 ,4-dia2abicyclo[2.2.2]octane. l ,5-diazabicycio[5.4.01undecene-5. 1 .8-dia2abicyclo[5.4.0]- 

undec-7-ene or the like. 

This reaction can be earned out in a conventional solvent which does not adversely affect the reaction 
such as those given in the explanation of Process i. 

The reaction temperature is not critical and the reaction is usually earned out under cooling, at ambient 
30 temperature or under heating. 

Process 4 : 

35 The object compound fi-e) or a salt thereof can be prepared by reacting the compound (iV) or a salt 
thereof with the compound {V). 

This reaction is usually carried out in a solvent such as alcohol (e.g. methanol, ethanol, etc.). N.N- 
dimethyiformamide. tetrahydrofuran. toluene or any other solvent which does not adversely affect the 

reaction. 

JO The reaction m.ay be carried out in the presence of an inorganic or an organic base such as tri(lower)- 

alkyiamine (e.g. tnmethylamme. triethylamme. etc.), pyridine or its derivative (e.g. picoiine. iutidine, 4- 
dimethylammopyndine, etc.). or the like. In case that the base to be used is liquid, it can also be used as a 
solvent. 

The reaction temperature is not critical, and the reaction can be carried out under warming or heating. 
Process 5 : 

The object compound (1-g) or a sait thereof can be prepared by reacting the compound (l-f) or a salt 
50 thereof with the compound (VI) or a sait thereof. 

The reaction may be earned out in the presence of an inorganic or an organic base such as triflower)- 
alkylamine (e.g. trimethylamine, tnethylamine, etc.). pyridine or its derivative (e.g. picoiine. lutidine. 4- 
dimethylamincoyridine. etc.), or the like. 

This reaction is usually earned out in a solvent such as alcohol (e.g. methanol, ethanol. etc.;, aimethyl 
55 sulfoxide. N,N-dimethylformamtde. tetrahydrofuran or any other solvent which does not adversely affect the 
reaction. 

In case that the compound (VI) or a salt thereof or the base to be used is liquid, it can also be used as 
a solvent. 
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The reaction temperature is not critical, and the reaction can be carried out under warmmg or heating. 
Process 6 : 

5 

The object compound (l-h) or a salt thereof can be prepared by reacting the compound (VII) or a salt 
thereof with the compound (VIII). 

This reaction can be carried out in substantially the same manner as Process 4. and therefore the 
reaction mode and reaction conditions (e.g. solvents, bases, reaction temperature, etc.) of this reaction are 
70 to be referred to those as explained in Process 4. 



Process 7 : 



js The object compound fl-j) or a salt thereof can be prepared by subjecting the compound fi-i) or a salt 
thereof to removal reaction of lower aikyl. 

The reaction may be carried out m the presence of alkali metal halide (e.g. lithium iodide, etc.). 
The reaction may be carried out in the presence of an inorganic or an organic base such as triflower)- 
aikylamine (e.g. trimethylamine. triethylamine. etc.). pyndine or its denvative (e.g. picoline, lutidine, 4- 
2G dimethylaminopyndine. etc.), or the like. 

This reaction is usually earned out in a solvent such as alcohol (e.g. methanol, ethanol. etc.), dimethyl 
sulfoxide. !M,N-dimethylformamide, tetrahydrofuran or any other solvent which does not adversely affect the 
reaction. 

The reaction temperature is not critical, and the reaction can be carried out under warming or heating. 
25 Among the starting compounds (11), (111). (IV) and (VII) some of them are new and such compounds can 
be prepared by the methods of Preparations mentioned below. 

The object compound (I) of the present invention can be isolated and ourified in a conventional manner, 
for example, extraction, precipitation, fractional crystallization, recrystallization, chromatography, and the 
like. 

30 With regard to the compound (1) of the present invention, when R- is hydroxy or acyloxy and R*^ is 

hydrogen, it is preferred that the hydroxy or acyloxy at the third position of 1-benzopyran nucleus and a 

group of the formula : R^- N -x-Y-R'' at the fourth position of the same are mutually trans, and further it is 

most preferred they being the (3S,4R)-fSomer. 

The optical resolution of the isomers of the compound (I) can be earned out by a conventional method 
35 such as a resolution by reacting a mixture of isomers with an optically active reagent. Such reagents 

include optically active acids (e.g.. benzyloxycarbonyl-L-phenylalanine, etc.) or acid derivatives such as acid 

chloride (e.g.. t -menthoxyacetyl chloride, etc.) or acid anhydride and the like. 

The object compounds (I) of the present invention are novel and exhibit pharmacological activities such 

as K channel activator action (e.g. vasodilating activity, etc.) and long duration, and therefore are of use for 
-iO treating or preventing vascular disorders such as hypertension, angina pectoris, cardiac insufficiency, 

peripheral and cerebral vascular diseases, atherosclerosis, arrhythmia, and the like. 

Further, it is expected that the object compound (I) of the present invention are of use for treating or 

preventing disorders of smooth muscle such as ulcer, asthma, early uterine contraction and incontinence; 

alopecia: and the like. 

45 In order to illustrate the usefulness of the object compound (I), pharmacological activity of representa- 
tive compounds of the present invention are shown below. 

[1] Test Compound 

50 

(1 ) 4-(2-Cyanoiminothiazolin-3-yl)-6-mesyl-2.2-dimethyl-2H-1 -benzopyran 

(2) 4-[N-[1 -(Cyanoimlno)ethyl]aminoI-2,2-dimethyl-2H-1 -benzopyran-6-carbonitrile 

[2] Test Method 

55 

Male Wistar strain rats aged lO-li weeks, weighing about 250 g were used after going unfed overnight. 
Under ether anesthesia, polyethylene cannula were inserted in the femoral artery for measuring blood 
pressure and m the femoral vein for injection of the test compound. About 2 hours after the operation, test 

8 
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compound was given intravenousiy. Blood pressure was measured at the femoral artery by means of a 
pressure transducer and recorded as electrically integrated values of mean arterial pressure. 



[3: Test Result 

Mean ratios of maximum decrease of blood pressure mmHg) are shown in Table. 



.'0 



Test 
Compounds 


Dose 


Er'fect 
Max 


(mg/kg) 




(1) 


1 0 


49.2 


(2) 


t.O 


37.0 



For therapeutic administration, the ooject compounds M) of the present invention are used m the form of 
conventional pharmaceutical preparation which contains said compound as an active ingredient, in admix- 
ture with pnarmaceutically acceptable carriers such as an organic or inorganic solid or liquid excipient which 
is suitable for oral, parenteral and external administration. The pharmaceutical preparations may be in solid 
form such as tablet, granule, powder, capsule, or liquid form such as solution, suspension, syrup, emulsion, 
lemonade and the like. 

If needed, there may be included in the above preparations auxiliary substances, stabilizing agents, 
wetting agents and other commonly usee additives such as lactose, citric acid, tartaric acid, steanc acid, 
magnesium stearate. terra alba, sucrose, corn starch, talc, gelatin, agar, pectin, peanut oil. olive oil, cacao 
butter, ethylene glycol, and the like. 

While the dosage of the compound (!) may vary from and also depend upon the age. conditions of the 
patient, a kind of diseases, a kind of the compound (1) to be applied, etc. In general amounts between 1 mg 
and about 1.000 mg or even more per day may be administered to a patient. An average single dose of 
about 1 mg, 2 mg, 5 mg. 10 mg. 25 m.g, 50 mg, 100 mg. 200 mg of the object compound (I) of the present 
invention may be used in treating diseases. 

The following Preparations and Examples are given for the purpose of illustrating the present invention. 

35 

Preparation 1 



To an ice-cooled solution of 4-methoxybenzenesulfony! chloride (25 g) in tetrahydrofuran (25 ml) was 
added dimethylamme (50% solution in water, 25 ml). After addition was complete, the mixture was stirred at 
50 'C for 30 minutes. The reaction mixture was concentrated to give 4-methoxy-N,N-dimethylbenzenesul- 
lonamide (38 g). 
mp : 68 to 69' C 
IR (Nujol) : 1380, 1 160 cm"' 

NMR fCDCb. 5) : 2.68 (6H, s). 3.88 (3H, s), 6.9-7.1 (2H, m). 7.6-7.8 (2H, m) 
MASS : 215. 171 



Preparation 2 



A mixture of 4-methoxy-N,N-dimethylbenzenesulfonamide (37 g) and aluminum chloride (69 g) in 
benzene (170 m.l) was stirred under reflux for 30 minutes. The reaction mixture was poured into ice-water 
and extracted with ethyl acetate. The combined organic layers were washed with water and brine, dried 
over anhydrous magnesium sulfate, and concentrated. The residue was purified by recrystallization from 
toluene to give 4-hydroxy-iN.N-dimethylben2enesulfonamide (26 g). 
mp:90to92'C 
IR (Nujol) : 3350 cm- 

NMR (CDCI3. 5) : 2.68 (6H, 3). 5.0-60 (1H, br m), 6.9-7 0 (2H, m), 7.5-7.7 (2H. m) 
MASS ; 201. 157 

9 
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Anal. Calcd. for CaHt JNO3S : 


C 47.75, H 5,51. N 6.96 


Found : 


C 47.83. H 5.62. N 6 75 



5 



Preparation 3 

^0 A two-phase mixture of 4-hydroxy-N.N-dinnethylben28nesulfonamide (13 g). 3-chloro-3-nnethyl-l-butyne 
f33 g). tetra-n-butylammonium hydrogen sulfate (22 g>. and sodium hydroxide (21 g> m a mixture of 
dichloromethane (195 ml) and water (97.5 ml) was vigorously stirred at room temperature for 48 hours. The 
organic layer was separated, washed with water and brine, dried over anhydrous magnesium sulfate, and 
concentrated. The residue was added to n-hexane and pulvenzed to give N.N-dimethyi-4-M .l-dimethyl-2- 

^5 propynyloxy^benzenesulfonamide (6.4 g) mp : 87 to 89' C 
!R (Nujol) : 3280. 3250 cm^' 

NMR (CDCI3. 5) : 1.71 (6H. s). 2.66 (IH, s), 2.70 (6H. s). 7.3-7.4 (2H. m), 7.6-7 8 (2H. m) 
MASS : 267. 252. 201 



Anal. Calcd. for Ct3HT7N03S : 


C 


58.40, H 6.41. 


N 


5.24 


Found : 


C 


58-15, H 6.41. 


N 


4.86 



25 



Preparation 4 

A solution of N.N-dimethyl-4-( 1 ,1 -dimethyl-2-propynyloxy)benzenesuifonamide (14 g) in 1 .2-dichloroben- 
zene (28 mi) was stirred at 200' C for 2 hours. After being cooled to room temperature, the reaction mixture 
was applied directly onto silica gel and eluted with n-hexane and then n-hexaneethyi acetate (5:1. 1:1. 
gradient) to give N.N.2.2-tetramethyl-2H-l -ben2opyran-6-sulfonamide (12.8 g), 
mp : 91 to 93' C 
iR (Nujol) ■ 1630 cm— 

NMR (CDCI3. 0) : 1.47 (6H, s). 2.70 (6H, s). 5.71 (1H. d, J = 10H2). 6.34 (1H, d, J = 10Hz). 6.35 (1H, d. 
J = 8H2). 7.39 (1H. d. J = 2H2). 7.50 (IH, dd. J=2H2. 8H2) 
MASS : 267. 252. 209 



Anal. Calcd. for C^ 7NO3S : 


C 


58.40. H 6.41. N 5.24 


Found : 


C 


58.20, H 6-34. N 4.93 



^5 



Preparation 5 

To a vigorously stirred solution of N,N,2,2-tetramethyl-2H-1-ben2opyran-6-sulfonamide (12.8 g) in the 
mixture of dimethyl sulfoxide (24 ml) and water (2 ml) was added N-bromosuccinimide (9.8 g; :n one 
portion. An exothermic reaction was occurred within a few minutes and stirring was continued for an 
additional 10 minutes. The reaction mixture was poured into water and extracted with ethyl acetate. The 
combined organic layers were washed with water and brine, dried over anhydrous magnesium sulfate, and 
concentrated to afford trans-3-bromo-3,4-dihydro-4-hydroxy-N.N,2.2-t6tramethyl-2H-l-ben2opyran-6- 
suifonamide (19.2 g;. 
mp : 1 54 to 1 55 ' C 
IR (Nujol) : 3480 cm"' 

NMR (C0CI3. 0) : 1.44 (3H, s). 1.64 (3H. S). 2.70 (6H, s), 2.84 (1H. d. J=4H2), 4.14 (IH, d. J=10H2). 4.95 
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MH, dd, J =4Hz, 10H2). 6,92 (IH. d. J = 8Hzj. 7.62 (1H. dd. J =2Hz. SHz). 7.9-3.0 (1H. mj 
MASS : 365. 363. 321. 3l 9 



Anal. Calcd. *or ^H- ^ BrNOaS: 


C 42.37. H 4.98, N 3.85 


Found : 


C 42.76. H 4 85, N 3.55 



?0 

Preparation 5 

A mixture of trans-3-bromo-3.4-dihydro-4-hydroxy-N.N.2.2-tetrannethyl-2H-l -benzoDyran-e-sulfonamide 

(19.2 g). potassium carbonate ns g) and dimethyiformamide (153 ml) was stirred at room temperature for 
^5 24 hours and foliowed by at 35' C for 48 hours. The reaction mixture was poured into water and extracted 

With ethyl acetate. The com-bined organic layers were washed with water and brine, dried over anhydrous 

magnesium sulfate, and concentrated to give 3.4-dihydro-3.4-epoxy-N,N.2.2-tetramethyl-2H-1-benzopyran-6- 

suifonamide (4.7 gj 

mp : 136 to 137^ C 
20 IR (Nuiol) ; 1610, 1570, 1380, 1 150 cm"' 

NMR (CDCI3, i) . 1.31 f3H, 3). 1 61 (3H, sj. 2.71 ,'6H, 3) 3.56 (1H, d. J = 4Hz). 3.97 (1H, d, J-4Hz). 6.93 

(IH, c, J =8Hz). 7.66 (1H. ad. J = 2Hz. SHz). 7.30 (1H. d. J = 2Hz) 

MASS : 283 



Anal. Calcd. 'or C- jHt /NOiS : 


C 


55.1 1 . H 6.05, N 


4.94 


Found : 


C 


55.03. H 5.97, iN 


5.01 



P:'9paration / 



A mixture of 3.4-dihydro-3.4-epoxy-6-mesyl-2.2-dimethyi-2H-1 -benzopyran (4.0 g), ammonium hydrox- 
ide (containing ca. 28% ammonia. 40 ml), and ethanol (20 ml) was stirred at room temperature for 72 hours. 
The reaction mixture was concentrated, added to diisopropyl ether, and pulverized to give trans-4-amino- 

3,4-dihydro-3-hydroxy-6-mesyf-2,2-dimethyf-2H-1-benzopyran (4.0 g). 
iR (Nujol) : 3340. 3290. 3200 cm~' 

NMR (DMSO-d<;. 5) : 1.10 (3H. s). 1.36 (3H. s), 3.02 (3H, s). 2.2-3.8 (3H. br m). 3.12 (IH, d. J = 9Hz). 3.51 
(IH. d. J =9Hz). 6.80 (IH, d. J = 10Hz). 7.53 (IH, dd. J = 3, lOHz). 8.08 (IH. d. J = 3Hz) 



Preparation 8 



2.2-Oimethyl-2H-l-benzopyran-6-carbonitrile (10 g) was dissolved in toluene (54 ml), and the solution 
was cooled to -78 under a nitrogen atmosphere, to this solution was added diisobutyialuminum hydride 
(1M solution in toluene. 31 ml) over 30 minutes, and the mixture was stirred at -78* C for 10 minutes. The 
reaction mixture was quenched at -78' C with ethyl acetate (54 ml) followed by 1M tartaric acid solution in 
water (100 ml). The cooling bath was removed and the mixture was vigorously stirred for 1 hour. The 
organic layer was separated and the aqueous layer was extracted with ethyi acetate. The combined organic 
layers were washed with brine, dried over anhydrous magnesium sulfate, and concentrated to give 2.2- 
dimethyl-2H-l-benzopyran-6-carba)dehyde (9.9 g) as a pale yellow oil, which was used without further 
purification. 

IR (Film) : 1690, 1640 cm^' 

55 NMR fCDCh, 5) : 1.47 (6H, S), 5.70 (IH. d. J = 10Hz). 6.38 (IH. d, J = lOHz). 6.86 (IH. d. J=8Hz), 7.52 MH. 
d. J = 2Hz). 7.64 (IH, dd. J = 2. 3Hz). 9.82 (1H. s) 
MASS ; 1 88. 1 73 

1 1 
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Preparation 9 

To a vigorously stirred solution of 2.2-dimethyl-2H-l-ben20pyran-6-carbaldehyde <8.0 g) m dinnethyl 
sulfoxide (43 mO-water (1.0 ml) was added N-bromosuccinimide (8.3 g) in one portion. After 10 minutes. 

5 additional N-bromosuccinimide (4.2 gj was added and the mixture was stirred for an additional 10 minutes. 
The reaction mixture was poured tnto water and extracted with ethyl acetate. The combined organic layers 
were washed with water and brine, dried over anhydrous magnesium sulfate, and concentrated. The residue 
was purified by silica gel chromatography (elution with chloroform) to give trans-3-bromo-3.4-dihydro-2.2- 
dimethyM-hydroxy-2H-l'ben20pyran-6-carbaldehyde (8.0 g). 

TO mp : 125 to 127* C 

IR fNujol) 3380. 1680 cm"' 

NfVlR (CDCb. 5) : 1.45 (3H, s). 1.65 (3H, s). 2.2-3.1 (1H, br m). 4.15 (1H. d. J = 10H2), 4.98 (1H. d, J= lOHz). 
5 92 (1H. d, J = 8Hz). 7 77 (IH, dd. J = 2. SHz). 8.06 {1H, br s). 9.88 (IH. s) 
MASS : 236. 284. 253. 251 



Anal Calcd. for Ci2H;3Br03 ■ 


C 50.55, H 4.60 


Found : 


C 50 26. H 4.66 



Preparation 10 

25 A mixture of trans-3-bromo-3.4-dihydro-2,2-dimethy!-4-hydroxy-2H-l-ben2opyran-6-carbaldehyde (6.9 
g). potassium carbonate (6.7 g). and dimethylformamide (24 ml) was stirred at room temperature for 48 

hours and followed by at 35° C for 24 hours. The reaction mixture was poured into water and extracted 7/ith 
ethyl acetate. The combined organic layers were washed with water and brine, dried over anhydrous 
magnesium sulfate, and concentrated. The residue was purified by recrystallization from diisopropyl ether to 
give 3,4-dihydro-2,2-dimethyI-3.4-epoxy-2H-1-ben20pyran-6-carbaldehyde (2.9 g). 
mp : 108 to 1 10' C 
!R (Nujol) : 1680 cm"' 

NMR (CDCb. 5) : 1.31 (3H. s). 1.61 (3H. s). 3.55 (IH. d, J = 4H2). 3.99 (IK d, J = 4H2). 6.92 (IH, d, J = 8H2), 
7.77 MH. dd. J = 2, 8H2). 7.92 (IH, d, J = 2H2), 9.88 (IH, s) 
35 MASS : 204. 189. 173 



Anal. Calcd. for CizH.sOa : 


C 


70.57. H 5.92 


Found : 


C 


70.79, H 5.97 



Preparation 1 1 

The following compound was obtained according to a similar manner to that of Preparation 5. 
trans-3,6-Dibromo-3.4-dihydro-2.2-dimethyl-4-hydroxy-2H-l-ben20pyran 
mp : 93 to 94* C 
IR (Nujol) : 3200 cm-' 

NMR (CDCb. o) : 1.39 (3H, s). 1.59 (3H. s). 2.60 (IH, br s). 4.10 (1H. d, J=9.5H2). 4.37 (IH, d, J=9.5H2), 
6.68 (IH, d, J=8.7H2). 7.28 (IH, dd, J = 2.4, 8.7H2). 7.59 (IH. d, J = 2.4H2) 
MASS : 334, 336. 338, 200. 202 



55 



Preparation 12 

The following compound was obtained according to a similar manner to that of Preparation 6. 
6-Bromo-3.4-dihydro-2,2-dimethyi-3,4-epoxy-2H-1-ben2opyran 

12 
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mp : 63 to 64^ C 

NMR {CDCh, -5) 1.24 /3H. s), 1.57 (3H. s). 3.48 (1H. d, J = 4.3Hz). 3.84 (1H. d. J = 4.3Hz), 6 69 (1H. d. 
J-8.6H2), 7 32 (IH. dd. J =2.4. Q.dhz). 7 45 (IH, d, J = 2.4Hz) 
MASS 254. 256 



Preparation 13 



2.2-Oimethyl-2H-1 -benzopyran-6-carbonitrile (12 g; was dissolved in tetrahydrofuran (65 mi). To this 
JO solution was added methylnagnesium bromice /'3M in diethyl ether. 108 ml) dropwise at room temperature, 
and then :he reaction mixture was stirred at reflux for 0.5 hour. After being cooled to room temperature, the 
mixture was poured into saturated aqueous ammonium chloride and extracted three times with ethyl 
acetate. The combined organic layers were washed wtth brine, dried over anhydrous magnesium sulfate, 
and concentrated. Purification of the residue by column chromatography on silica gel felution with 10:1 n- 
15 hexane-ethyl acetate) gave 6-acetyi-2.2-dimethyl-2H- 1 -benzopyran (11 g). 
!R (Film) ; 1670. 1640 cm"' 

NMR {CDC13. 5) : 1 46 (6H. s), 2.53 (2H. s), 5.66 (IH. d. J = 10Hz). 6.36 flH. d, J = 10Hz). 6.79 (IH. d. 
J=8Hz), 7 52 (IH. d, J=2H2). 7 74 (IH, dd, J = 2. 8Hz) 
MASS : 202. 187 

20 

Preparation 14 



The following compound was obtained according to a simiilar m.anner to that of Preoaranon 9. 
25 trans-5-Acetyl-3-bromo-3.4-Gihydro-2.2-dim.ethyi-4-hydroxy-2H-1-benzopyran 

mp : 112 to 113*C 

IR (Nujol) ; 3330. 3250. 1680 cm"' 

NMR (COCI3, 5) ; 1 43 (3H, s). 1.63 (3H, s). 2.55 (3H. s). 2.8-3.8 (IH. br m). 4.13 (IH. d. J =9H2). 4.94 (IH, 

d, J =9Hz). 6.84 (IH, d. J = 9H2). 7.83 (1H. dd. J = 2, 9Hz). 8.14 (IH. m) 
30 MASS : 300. 298. 285. 283. 267. 265 



Anal Caicd. for 3H.5Br03 : 


C 52.19, H 5.05 


Found : 


C 51.75. H 4.90 



Preparation 15 

The following compound was obtained according to a similar manner to that of Preparation 10, 
6-Acety!-3,4-dihyGro-2,2-dimethyl-3,4-epoxy-2H- 1 -benzopyran 
mp : 71 to 72' C 
IR (Nujol) : 1680 cm"^ 

^5 NMR (CDCI3. 5) : 1.29 (3H. s), 1 60 (3H. 3). 2.57 f3H, s). 3.54 (IH, d. J=4H2), 3.97 (IH. a, J = 4H2). 6.35 
(IH. d. J=aH2). 7.87 (IH. dd, J = 2.8Hz). 8.01 (IH. d, J = 2H2) 
MASS : 218, 203 



Anal. Caicd for C13H14O3 ■ 


C 


71.54, H 


6.47 


Found : 


C 


71.21, H 


6.48 



55 

Preparation 16 

The following compound was obtamec according to a similar manner to -hat of Preparation 3. 
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3-Methyl-3-(4-methylphenoxy)-l-butyne 
IR (F\\m) : 3250. 2100 cm'^ 

NMR (CDCI3. 5) : 1.72 (6H. s). 2.68 flH. s), 3.05 (3H. s) 7.3-7.4 (2H. m). 7 3-7.9 (2H. m) 
MASS : 238. 223 



Preparation 17 

To 1 .2-dich(oroben2ene (230 ml) at 200'C v/as added 3-methyi-3-f4-mesylphenoxy)-1 -butyne (130 g) 
'0 dropwise over a period of 1.5 hours, the reaction mixture was stirred at 200 C for an additional 2 hours 
followed by removal of 1 .2-dichloroben2ene by distillation under reduced pressure. The residue was 
dissolved in diisopropyl ether (100 ml) and treated with activated carbon. The mixture was filtered and the 
filtrate afforded the precipitate, which was collected, washed with diisopropyl ether, and dned to give 2.2- 
dimethyl-6-mesy!-2H-l-ben20pyran (77 g). 
?5 mp : 69 to 7r C 

IR (NujoD : 1640 cm" 

NMR (CDCh. 5) : 1.47 {6H, s). 3.03 (3H. s), 5.73 (1H, d, J = 10Hz), 6.34 {1H. d. J = 10H2). 6.87 (1H. d. 
J =: 8H2), 7.54 (1 H. d, J = 2Hz), 7.65 (1 H. dd. J = 2. 8Hz) 



Anal. Calcd. for C-H- 1O3S : 


C 


60.48. H 5-92 


Found 


C 


60.41 . H 6.06 



Preparation 18 

2,2-Oimethy!-2H-1-ben20pyran-6-carbonitri!e f12 g) was dissolved in tetrahydrofuran (65 ml). To this 
30 solution was added methylmagnesium bromide (3M in diether ether, 108 ml) dropwise at rcom temperature, 
and then the reaction mixture was stirred at reflux for 0.5 hour. After being cooled to room temperature, the 
mixture was poured into saturated aqueous ammonium chloride and extracted three times with ethyl 
acetate. The combined organic layers were washed with bnne. dried over anhydrous magnesium sulfate, 
and concentrated. Purification of the residue by column chromatography on silica gel (elution with 10:1 n- 
35 hexane-ethyl acetate) gave 6-acetyl-2.2-dimethyl-2H-1-ben2opyran (11 g;. 
IR (Film) : 1670, 1640 cm"' 

NMR fCDCb. 5) : 1 46 (6H. S). 2.53 (3H, s), 5 66 (IH, d, J = 10H2), 6.36 (IH. d. J = 10H2), 6.79 (1H. d. 
J = BHz). 7.62 (1 H, d, J = 2H2;. 7.74 (1 H. dd, J = 2. 8H2) 
MASS : 202, 1 87 



Preparation 19 

The following compounds were obtained according to a similar manner to that of Preparation 5. 
'^s (1) trans-3-8romo-3.4-dihydro-4-hydroxy-2,2-dimethyl-6-mesyl-2H-l-benzopyran 

mp : 141-143' C 
IR (Nujol) : 3450 cm"' 

NMR (CDCh. 5) : 1.38 (3H, s), 1.58 {3H. s), 3,00 (3H. s), 3.24 (IH. d, J = 5H2). 4.06 (2H, d, J=9H2). 4.89 
(IH. dd, J = 5, 9Hz). 6.85 flH. d, J=9H2). 7.67 (IH. dd. J =3, 9H2). 8.05 (IH, d. J = 3H2) 
50 (2) trans-6-Acetyl-3-bromo-3,4-dihydro-4-hydroxy-2.2-dimethyl-2H-1-ben2opyran 

mp : 112 to 113'C 

IR (Nujol) : 3330, 3250. 1680 cm- 

NMR (CDCI3. 6) : 1.43 (3H, s). 1.63 (3H, S). 2.55 (3H, s), 2.3-3.8 (IH, br m). 4.13 (IH. d. J = 9Hz). 4.94 (IH, 
d, J = 9H2). 6.84 (1H. d. J = 9H2). 7.33 (IH, dd, J =2. 9H2). 8.14 (IH. m) 
55 MASS : 300, 298. 285, 283, 267. 265 



14 
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Anal. Caicd. for C-jHisBrO^ : 
Found : 



C 52.19. H 5.05 
C 51 .75. H 4.90 



Preparation 20 



^0 The fcflowmg compounds were obtained according to a similar manner to that of Preparation 6. 
(1 ) 3,4-D(hydro-2.2-d:methyl-3.4-eDOxy-6-mesyl-2H-l -benzopyran 
mp : 153-155' C 

NMR {CDCI3. 5) : 1 23 (3H. s). 1.53 (3H. s). 2.95 (3H. 5). 3.46 (1H. d, J = 5H2). 3.86 (IH. d, J = 5H2j. 6.83 
(1H. d. J =9Hz). 758 MH. dd. J =3. 9Hz). 7.33 flH. d. J =3H2) 
^5 (2) 6-Acetyl-3.4-dihydro-2.2-dimethyl-3.4-epoxy-2H- i-benzopyran 

mp : 71 to 72' C 

IR fNujOl) : 1680 cm"' 

NMR (CDCii. 0) 1 29 (3H. S). 1.60 (3h. S), 2.57 (3H, 5), 3.54 (IH. d. J = 4H2). 3.97 ;1H. d. J = 4H2), 6.85 
(IH. d. J =8Hz), 7 37 flH, ad. J = 2. 8H2). 8.0 1 (IH. d. J =2H2) 
20 MASS: 213,203 



Anal. Calcd. for C-^H'iCG : 


C 71.54. H 6.47 


Found : 


C 71.21. H 6.48 



Preparation 21 
30 

The following compounds were obtained according to a similar manner to that of Preparation 7. 
(1) trans-4-Amino-3.4-dihydro-3-nydroxy-N.N.2.2-tetram.ethyl-2H-l-benzopyran-6-sulfonamide 

mp : 183 to 184' C 

IR (Nujol) ■ 3380. 3280 cm-' 

^5 NMR fDMS0-d5, 5) : 1.13 (3H. s). 1.40 {3H. s). 2.00 (2H. s). 2.57 {6H, s), 3.22 (IH. dd. J = 5. 9Hz), 3.56 (IH, 
d, J = 9Hz). 5.56 flH. d. J=5Hz). 6.90 flH. d, J = 8Hz), 7.45 (IH. dd, J =2. 8Hz). 7.97 (IH. d, J=2Hz) 
MASS ; 300, 282, 267 



Anal. Caicd. for Ci3H2oN20dS : 


Found : 


C 51,98. H 6.71. N 9.33 
C 51 .77, H 6.57, N 9.09 



(2) trans-4-Amino-3,4-dihydro-3-hydroxy-2,2-dimethyi-6-'nitro-2H-l-benzopyran 

mp ; 150 to IST C 

IR (Nujol) . 3350. 3280. 3070. 1500 cm"' 

NMR (DMSO-de. 5) : 1.15 s), 1.42 (3H, s). 1.99 (2H, br s), 3.24 (IH, dd, J = 5. 9Hz), 3.59 (IH. d, 

J = 9H2). 5.53 (IH. d. J = 5Hz). 6.90 (IH. d, J = 9H2). 3.00 (1H, dd. J = 3. 9Hz). 8.50 (1H. dd, J = 1. 3H2) 
MASS : 222 (M+ - 16), 208 



00 



Anal. Calcd. for Ci rHiiN204 : 


Found : 


C 55.46. H 5.92. N 1 1 .76 
C 55.13. H 5.93. N 1 1 .66 
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(3) trans-6-Acety l-4-amino-3.4-dihyclro-3-hycIroxy-2,2-dimethyl-2H- 1 -benzopyran 
mp ; 1 34 to 1 35 ' C 

IR (Nujol) ; 3350. 3290, 3100. 1650 cm^' 

NMR (COCI3. S) : 1.24 (3H. s). 154 (3H. s). 1.6-2.5 (3H. br m). 2.56 f3H. s). 3.36 (1H. d. J = 10H2), 3.68 (1H. 
5 br d, J = lOHz). 6 82 flH. d. J = 8H2j. 7.77 (IH. dd. J =2. 8H2), 8.06 (1H. dd, J = 1. 2H2) 
MASS : 235, 220 





Anal. Calcd. for C-iH^/NOo : 






C 66.36, H 7.28. N 5.95 




Found : 


C 65.86, H 7.15. N 5 92 



^4) trans-4-Annino-6-broino-3,4-dihydro-3-hydroxy-2.2-dimethyl-2H- 1 -benzopyran 
mp : 130 to 131* C 
IR (Nujol) : 3370. 3280. 3100 cnn-^ 

NMR (DMSO-ds. 0) : 1.08 f3H. s;. 1 36 (3H, s). 3.26 (IH, d. J=9.4Hz). 3.65 (IH. d. J=9.4Hz), 4.26 (2H. br 
S). 5.58 flH, br s), 6.69 (IH. d. J = 8Hz). 7.27 [IH. dd. J = 2.5, 8.7Hz;, 7 71 flH, br s) 
MASS ; 271. 273 

(5) trans-3.4-Dihydro-2,2-dimethyl-3-hydroxy-4-methylamino-2H-1-benzopyran-6-carbonitrile 
mp : 1 17 to 119' C 

NMR ^DMSO-ds. 5) : 1.13 f3K s>. 1.42 f3H, s), 2.14 (3H. s). 2.44 (1H. br s). 3.62 (2H. m). 5.43 (IH. br s). 
6.88 (IH. d, J=8-5Hz). 7.55 (IH. dd, J =8.5. 2.1 Hz). 785 (IH, d. J=2.1H2> 

(6) trans-4-Amino-3.4-dihydro-3-hydroxy-2,2.6-trimethyi-2H-l-benzopyran NMR (DMSO-ds. 0) . 1.05 
f3H, S), 1.34 (3H. s), 2.21 (3H, s). 2.1 (2H. br s), 3.16 (IH, d. J=9.3Hz). 3.48 (IH, d, J=9.3Hz). 5.3 (IH. br), 
6.57 (IH. d. J = 8.2Hz), 6.88 (IH. dd. J =8.2. l.SHz). 7.35 (IH, br s) 

MASS : 207. 1 35 

(7) Ethyl trans-4-amino-3.4-dihydro-3-hydroxy-2,2-dlmethyi-2H-l-benzopyran-6-carboxylate 
mp : 233' C (dec.) 

IR (Nujol) : 3360. 3275. 3140. 1710, 1610 cm"' 

NMR (DMSO-d5, 5) : 1.12 (3H, s), 1.31 (3H. t. J = 7.1 Hz), 1.40 (3H. s). 2.40 (2H. br s). 3.21 (IH, d, 
J=9-4Hz), 3.56 (IH, d, J=9.4Hz), 4.28 (2H, quartet. J = 7.1Hz). 5.5 (IH. br s), 6.79 (IH, d, J=8.5Hz), 7.71 
f1H, dd. J = 8.5. 2.1Hz), 8.25 (IH, br s) 
MASS : 265, 194, 148 



Example 1 

A mixture of 3.4-dihydro-3,4-epoxy-6-mesyl-2,2-dimethyl-2H-l -benzopyran (1.5 g). 2-(cyanoimino)- 
thiazolidine (1.1 g). triethylamine (3 ml) and N,N-dimethyIformamide (6 ml) was stirred at 100* C for 5 hours. 
After cooling, the reaction mixture was poured into water. The precipitate was collected by filtration, washed 
well with water and dried in vacuo to give trans-4-(2-cyanoimmothtazolidin-3-yl)-3.4-dihydro-3-hydroxy-6- 
mesyi-2,2-dimethyl-2H-l -benzopyran (1.6 g). 
mp : 304 to 307 ' C 
IR (Nujol) : 3350, 2190 cm*"^ 

NMR (DMSO-ds. 6) : 1.19 (3H. s). 1.45 (3H. s). 3.17 (3H. s). 3.3-4.1 (5H. m), 5.25 (IH, d, J = 9H2). 5.99 (IH. 
d. J=6H2), 7.10 (IH, d. J = 9Hz), 7.45 {1H. m). 7,77 (IH. m) 
MASS : 381. 363, 348 



Anal. Calcd. for Ci6H*3N304S2 : 


Found : 


C 50.38, H 5.02. N 1 1 .02, 8 16.81 
C 50.42, H 4.96, N 1 1.05, S 16.81 
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Examoie 2 

A mixture of trans-4-{2-cyanciminothiazolidin-3-yi)-3,4-dihydro-3-hydroxy-6-rriesyl-2.2-c:imethyi-^ 
nzopyran (5.5 g) and acetic anhydride (25 ml) m pyridine (50 mi) was allowed to stand at room temperature 

5 overnight. Tne mixture was concentratea to give a residue of trans-3-acetoxy-4-[2-{cyanoimfno)thia2ofidin-3- 
yi]-3.4-dihydro-6-mesyi-2.2-dimethyl-2H-1 -benzopyran. which was washed with diisopropyl ether and dried 
in vacuo. To a suspension or this residue in toluene (21 ml) was added 1 .S-diazabicyclo[5.4.0]undec-7-ene 
{10 5 mi), and the mixture was stirred at lOO'C for 1 hour. After cooling, the reaction mixture was poured 
into water, extracted with ethyl acetate, washed with water, dried over anhydrous magnesium sulfate and 

JO concentrated. The residue was punfted by silica gel chromatography using ethyl acetate as an eluent to 
aiford 4-^2-cyanoim,inothiazolidm-3-yl)-6-mesyl-2.2-dimethyl-2H-i -benzopyran as a white solid. Recrystal- 
iization from 50% aqueous acetonitnle gave the pure product (1.44 g). 
mp : 247 to 249' C 
IR i'NujOi) : 2170, 1640 cm" 

IS NMR (DMSO-dK, o) . 1 47 (6H, s). 3.19) (3H, s), 3.6-3.8 f2H. m). 4.1-4.3 (2H, m). 6.22 (IH. S), 7.06 (IH, d. 
J = 9Hz). 7.45 ilH, d. J =2Hz). 7.74 (IH. dd, J = 2Hz. QHz) 
MASS 363. 348 



30 



Anal. Calcd 


, for C'^H: 7N3O3S2 










C 52.87, H 4.71, N 11.56. 


S 


17 64 


Found : 




C 52.92. H 5.18. N 11 .77. 


s 


17.35 



25 



Example 3 



To a solution of 3, 4-dihydro-3,4-epoxy-6-mesy!-2,2-dimethyl-2H-1 -benzopyran (1.5 g) tn dimethyl sulfox- 
ide (30 ml) Was added sodium salt of isothiazoiidine 1,1 -dioxide (1.7 g;. The mixture was stirred at room 
temperature overnight. Water was carefully added to the reaction mixture and the whole was extracted with 
ethyl acetate. The extract was washed with water, dried over anhydrous magnesium sulfate, and evaporated 
m vacuo. The residue was purified by column chromatography on silica gel (50 g) with a mixture of 
chloroform and methanol (50:1) as eluents to give trans-3.4-dihydro-3-hydroxy-4-(1 .1 -dicxoisothia20lidin-2- 
yl)-6-mesyl-2,2-dimethyl-2H-1 -benzopyran (0.47 g). 
mp : 220 to 221 ' C 
IR (Nujol) : 3420 cm"' 

NMR (DMSO-de, 5) : 1.17 (3H, s), 1.45 (3H. s), 2.0-2.5 (2H, m). 2.6-3.0 (2H. s). 3.0-3.4 (2H. m), 3.12 (3H. s). 
3.68 (IH. d, J=9Hz), 4.48 (1H. d, J = 9Hz). 5.64 (1H. s), 6.92 (IH. d. J=9Hz). 7.6-7.8 (IH. m). 7.3-7.9 (IH. 



Example 4 



A solution of trans-3.4-dihydro-3-hydroxy-4-(1 .l-dioxoisothiazolidin-2-yl)-6-mesyl-2,2-dimethyl-2H-1 -ben- 
zopyran (0.32 g) in pyndine (10 ml) was treated with acetic anhydride (5 ml), and the mixture was stood at 

room temperature overnight. The reaction mixture was poured into water and extracted with ethyl acetate. 
The extract was washed successively with 1N hydrochloric acid, a saturated aqueous solution of sodium 
bicarbonate and brine, and then dried over anhydrous magnesium sulfate. Removal of the solvent under 
^educed pressure gave the crude product, which was purified by recrystailization from ethyi acetate to give 
4-(1.1-dioxoisothiazolidin-2- yl)-6-mesyl-2.2-dimethyl-2H-l -benzopyran (0.14 g) 

mp : 226 to 227 ^ C 
IR (NujOl) : 1640 cm"' 

NMR (CDCI3. 5) : 1 .50 (6H. s). 2.3-2.6 (2H, m). 3.2-3.6 (4H, m), 5.93 (1 H. s), 6.88 (1 H. d. J = QHz). 7.70 (1 H. 
dd. J = 3. 9H2). 7 33 MH. d. J = 3Hz) 



Example 5 
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The following compound was obtained according to a similar manner to that of Example 1. 
trans-4-(2-Cyanoiminothia2olidin-3-yl)-3.4-dihydro-3-hydroxy-N.N.2,2-tetramethyl-2H-1-ben20pyran-6- 
sulfonamide 

mp : >300' C 

IR fNujOl) : 3300. 2180 cm^' 

NMR (DMS0-d9. 5) : 1.20 (3H, s). 1.47 (3H. s). 2.56 (6H. s). 3.3-3.5 [3H. mj. 3.8-4.0 (2H. m), 5 2-5.4 (1H. 
m). 6.0-6.1 {1H, m). 7.08 (1H. d, J=8H2). 7.16 (1H, br s). 7.5-7.7 (1H. m) MASS: 410. 367 



to 



Anal. Calcd. for CtzH-^NAOdSa 



Found 



C 49.74. H 5.40, N 13.65, S 15 62 
C 49.68, H 5.34, N 13.40. S 15.81 



75 



E-vamoie 6 



20 



25 



The following compound was obtamed according to a similar manner to that of Example 2. 
4-(2-Cyanoiminothiazolidin-3-yi)-N.N.2,2'tetramethyl-2H-l-ben2opyran-6-sulfonamide 

mp : 244 to 245 * C 

IR (NujOl) 2180. 1660 cm"' 

NMR (DMSO-d^, 5) : 1.47 (6H, s). 2.57 (6H. s). 3.6-3.3 (2H. m). 4.2-4.4 (2H. m). 6.22 (IH, 3). 7.06 MH, d, 
J=8H2). 7.20 (IH, d. J=2H2). 7.57 (IH. dd, J = 2H2. 8H2) 
MASS : 392. 377, 349 



30 



Anal. Calcd, for C';H2oN4 03S2 : 



Found : 



C 52.02. H 5.14. N 14.27. S 16.34 
C 51.97. H 5.01, N 14.11. S 16.30 



35 



Example 7 



A solution of trans-4-amino-3,4-dihydro-3-hydroxy-6-mesyl-2,2-dimethyl-2H-1 -ben20pyran (3.7 g;, 
dimethyl N-cyanoiminodithlocarbonate [(CH3S)2C = NCN] (2.1 g), and pyridine (14 ml) was stirred under 
40 reflux for 3 hours. After being cooled to room temperature, the reaction mixture was concentrated, added to 
ethyl acetate, and pulverized to give trans-4-(3-cyano-2-methyl-1-isothioureido)-3.4-dihydro-3-hydroxy-6- 
mesyl-2.2-dimethyl-2H-1-benzopyran (2.7 g). 
mp : 219 to 220 ' C 

IR (Nujol) : 3580. 3460, 3380. 3320. 2170 cm"' 
45 NMR (DMSO-de. 5) : 1.09 (3H, s). 1.35 (3H. s). 2.54 (3H. s), 3.07 (3H, s), 3.72 (IH, dd, J=6, 9H2). 4.05 [IH. 
t-iike, J=ca. 9H2), 5.84 (1H. d, J = 6H2), 6.95 (IH. d. J = 9H2). 7.50 (IH. br s). 7.65 (IH, dd, J =3, 9H2), 8.55 
(IH, d. J = 6H2) 



so 



Anal. Calcd. for CisH-.aNaO^Sa : 



Found : 



C 46.50, H 5.46. N 10.84. S 16.55 
C 46.14, H 5.41, N 10.86, S 16.48 



55 



Exam Die 3 
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A mixture of trans-4-f3-cyano-2-methylM-isothioufeido)-3.4-dihydro-3-hydroxy-6-mesyl-2,2-dimethyi 

;-benzopyran (1.0 g) and 40% aqueous methylamine (10 ml) was stirred at 40 'C ''or 8 hours. The resulting 
precipitate was collected, washed with ethanoL and dried. Recrystailization from ethanol gave trans-4-^2- 
cyanO'3-methy!-i -guanidino)-3.4-dihydro-3-hydroxy-6-mesyl-2.2-dimethyl-2H-l-ben20pyran (0.35 g). 

mp ; 166 to 168' C 

IR (Nujol) ; 3330. 2t 70 cm"' 

NMR (DMS0-C16, ^) : 1-00 (.3H. s). 1.23 (3H, s;. 2.59 (3H. d. J = 4H2). 2.95 (3H, s), 3.54 (IH. dd, J -6. IOH2), 
4.69 (1H. t. J=6Hz). 5.56 flH. d. J=6H2). 6 80 (1H. d. J = 9H2). 6.9-7.3 f2H. m), 7.04 (1 H. d. J = 6Hz). 7.47 
{1H. S). 7.58 {1H. d. J =2H2) 



txample 9 



The following compound was obtained according to a similar manner to that of Example 8. 
.'5 trans-4-{2-Cyano-3.3-dimethyl- ■ -guanidino)-3.4-dihydro-3-hydroxy-6-mesyi-2.2-dim.ethy(-2H-l -benzopyran 

mp : 265 to 268' C 

IR (Nujol) : 3360. 3200. 2180 cm" 

NMR iDMSO-d^. 5) : 1 16 (3H. s). 1.40 (3H. s). 3.00 {6H, s). 3.09 (3H. s), 3.66 (1H. dd. J =6, 9Hz), 5 02 flH. 
t-ltke. J=ca. 9Hz). 5.76 flH. d. J=6Hz). 6.95 {in, d. J=9nz). 7.21 (1H. d. J=9Hz). 7.67 flH, dd. J = 3, 
20 9Hz). 7.7-7,9 (IH. .m) 



25 



Anal. Calcd. for Ci5H22N4 04S : 


Found : 


C 52.44. H 6.05, N 15.29 
C 52.52. H 5.88. N 15.32 



30 



Examicie 1 0 



35 



40 



The foilowing compounds were obtained according to a similar manner to that of Example 1. 

(1) trans-4-/2-Cyanoiminothiazolidln-3-yl)-3.4-dihydro-2.2-dimethyl-3-hydroxy-2H-1-ben20pyran-6-car- 

baldehyde 

mp : 270 to 271 ' C 

IR (Nujol) : 3290, 2170, 1680 cm" 

NMR (DMSO-ds, 5) : 1.20 (3H. s), 1.47 (3H. s), 3.4-3.6 (3H, m), 3.8-4.0 (2H, m). 5.29 (1H. d, J = IOH2). 6.04 
(IH. d. J =7H2). 7.01 (IH. d. J =8Hz). 7.53 (IH. br s). 7.7-7.8 (IH, m). 9.88 (1H. s) 
MASS ; 331. 313. 298 



45 



Anal. Calcd. for C^Hi/NiOgS 



Found : 



C 58.00. H 5.17. N 12.68, S 9.68 
C 57.59, H 5.11. N 12.80. S 9.60 



(2) trans-6-Bromo-4-<2-cyanoiminothiazolidin-3-yl)-3,4-dihydro-2.2-dimethyl-3-hydroxy-2H-1-ben- 

zopyran 
50 mp : 237 to 239 ' C ^dec.) 

IR (Nujoi) : 3260, 2195. 1580, 1080 cm^' 

NMR (DMSO-d^. 0) : 1.15 (3H, s). 1.42 (3H, s). 3,4-3.65 (3H. m), 3.7-3.95 (2H, m). 5.21 f1H, d. J = 10.0Hz). 
5.94 (IH. d. J = 5.7H2j. 6.80 (1H, d. J = 8-6Hz). 7.04 (IH. or s), 7.37 (IH. d, J = 8.5Hz) 
MASS : 382, 384. 363. 365. 348. 350 
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Anal. Calcd. for C-oH^^BrNoO^S : 


Found : 


C 47.13, H 4.22. N 10.96 
C 47 23. H 4.36. N 10.96 



5 



(3) trans-6-Acetyl-4-f2-cyanoiminothiazolidin-3-yl)-3,4-dihydro-2.2-dimethyl-3-hydroxy-2H-l-ben- 
zopyran 

rr.Q : 197 to 198' C 

IR (Nujol) : 3390, 2180. 1670 cm"' 

NMR (DMSO-ds. o) : 1.19 (3H, S), 1.47 (3H. s), 2.51 (3H. S), 3.4-3.7 (3H. m), 3.7-4.0 f2H. m). 5.27 (1H. d, 
J = 10H2), 6.00 (1H. d. J = 5H2), 6.94 (1H, d. J=9H2). 7.45 (1H. br s). 7.85 (1H. br d, J = lOHz) 
MASS : 327 (M' - 18), 312 



AnaL Calcd. for C.7H.5N3O3S : 




C 59.11. H 5.54. N 12.16. S 9.28 


Found : 


C 59.52. H 5.56. N 12.21. S 9.25 



(4) trans-4-(2-Cyanoiminothia2olidin-3-yi)-3.4-dihydro-2.2-dimethyl-3-hydrQxy-6-nitro-2H-l-ben2opyra^ 
mp : 264 £0 266 ' C 
IR (Nuiol) : 3250. 3100. 2180 cm"' 
25 NMR (0MS0-d5. 5) : 1,22 (3H. S). 1.49 (3H. s). 3.55 f4H. br s), 3.90 flH, br s). 5.30 {1H. br d, J=10H2). 
6.10 MH, br d, J=6H2). 7.05 (1H, d. J = 8Hz), 7.73 (1H. br s). 8.10 flH. dd. J = 2, 8H2) 
MASS : 348, 330, 315 



30 


Anai. Calcd. for C-sHi^NaOdS : 






C 51.72, H 4.63. N 16.08 




Found : 


C 51.36. H 4.71. N 15.12 



(5) Ethyl trans-4-{2-cyanoimmothia20lidin-3-yl)-3,4-dihydro-2.2-dimethyl-3-hydroxy-2H-l-ben20pyran- 
6-carboxyIate 
mp : 245 to 247' C 

IR (NujOl) : 3390. 2180, 1695, 1610 cm"^ 

NMR (DMSG-de, -5) : 1.18 (3H, s). 1.29 (3H, t. J = 7.0Hz), 1.46 (3H, s). 3.3-3.7 (3H. m), 3.7-4.1 (2H. m), 4.28 
(2H, q, J = 7.0H2). 5.28 MH. d, J=:lO.OHz), 6.01 (1H, d. J = 5.7Hz). 6.94 f1H. d. J = 8.6H2). 7.46 (1H. br s), 
7.79 (1H, br d, J = 8.6Hz) 
MASS : 375. 357. 342. 296 



Anai. Calcd. for CisHai N3O4S : 


Found : 


C 57.59. H 5.64, N 11.19 
C 57.41. H 5.52, N 11.17 



Example 1 1 

55 The following compounds were obtained according to a similar manner to that of Example 2. 
( 1 ) 4-(2-Cyanoiminothiazolidin-3-yl)-2,2-dimethyl-2H- 1 -ben20pyran-6-carbaldehyde 
mp : 230 to 231 ' C 
IR (Nujol) : 2180, 1680, 1650 cm"' 
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NMR (DMSO-dt;. 5) : 1.48 (6H, s). 3.72 (2H. br t. J = 7Hz), 4.20 (2H, t. J = 7Hz). 5.19 M H. 3). 7.03 (1H. d, 
J=8Hz). 7 55 (1H. d, J=2Hz). 7.78 (1H. dc, J = 2. SHz). 9.38 (1H, s) 
MASS . 313. 298. 270 



Anal. Calcd. for C .;H- = N:0:S : 



Found 



C 61.32. H 4.82. N 13.41. S 10.23 
C 61.14. H 4.79. N 13.05. S 10.36 



?5 



(2) 6-Bromo-4-(2-cyanoinriinothia2oiidin-3-yl)-2,2-din'iethyl-2H- 1 -benzopyran 

.'^p 205 to 207' C 

IR (Nujol) ■ 2180. 1660 crn"' 

NMR (DMSO-dG. 3) : 1.42 (6H, s), 3.70 f2H. br t. J = 7,4Hz). 4.17 (2H, t. J = 7 4Hz). 5.12 (1H. 3). 6.8l (1H, d. 
J = 8.6Hz). 7,17 (IH, d. J = 2.4Hz). 7.36 (1H. dd. J = 2.4. 8.6Hz) 
MASS : 363. 365. 348. 350 



Anal. Calcd. for C'^H.^BrN^OS : 


Found : 


C 49.46. h 3.87. N 1 1.54 
C 49.37. H 3.36. N 11 23 



2S (3) 6-Acetyl-4-{2-cyanoiminothiazoliGin-3-yi)-2.2-dimethyi-2H-1-benzopyran 

mp : 209 to 21 T C 

IR fNujol) : 2180. 1680 cm"' 

NMR (DMSO-dG, 5) : 1.46 (6H, S). 2.52 {3H. s), 3.72 f2H. t. J = 7Hz). 4.20 ^2H. t, J = 7Hz). 6.16 (IH, S). 6.96 
(IH, d, J = 8H2). 7.48 (IH. d. J = 2Hz). 7.86 (IH. dd, J =2. 8Hz) 
30 MASS : 327. 31 2 



j5 



Anal. Calcd. for Ct7Ht7N302S : 


Found : 


C 62.37. H 5.23, N 12.83 
C 62.69. H 5.31. N 12.75 



40 



45 



50 



(4) 4-(2-Cyano(minothiazoiidin-3-yi)-2,2-Gimethyl-6-nitro-2H-1-benzopyran 

mp : 212 to 213* C 

IR (Nujoi) : 2190, 1660 cm"' 

NMR (DMSO-d?, 5) ; 1.49 (6H. s). 3.74 (2H. br t. J = 7Hz). 4.24 (2H. t. J=7Hz), 6.30 {1H, s), 7 06 (1H. d, 
J = 8Hz). 7.79 (IH. a. J = 2Hz). 8. 11 (1 H. dd, J = 2, 8Hz) 
MASS . 330. 315 



Anal. Calcd. for C1SH14N4O3S : 



Found 



C 54.54. H 4.27. N 16.96, S 9,71 
C 54 49. H 4 39. N 15.98. S 9.86 



55 



Example 12 

A mixture of trans-4-amino-3.4-dihydro-2.2-dim.ethyl-3-hydroxy-2H-l-benzopyran-6-carbonitn!e (15.28 g) 
and ethyl N-cyanoacetimidate (9.42 g) in pyridine (70 ml) was refluxed under nitrogen atmospnere for 9 
hours. The mixture was cooled to room temperature and concentrated under reduced pressure. The residue 
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was dissolved in sthyi acetate (150 ml), washed with 5% hydrochlonc acid (100 ml), water (100 ml), and 
brine (100 ml), successively. The organic layer was dried over anhydrous magnesium sulfate and 
concentrated under reduced pressure. The residue was recrystallized from ethyl acetate to give trans-4-[N- 
[l-(cyanoimino)ethyl]amino]-3.4-dihydro-2.2-dimethyl-3-hydroxy-2H-l-benzopyran-6-carbonitnle (12.68 g). 

5 mo : 236-238' C 

NMR (DMSO-dt;. 5) : 1.19 f3H, s). 1.42 f3H, s). 2.35 (3H. s). 3.59 (IH. dd. J =9. 5.5H2). 4.99 (IH. t, J=9H2K 
5.85 (IH. d. J=5.5H2). 6.94 (IH. d. J = 9H2). 7.55-7.7 (2H. m). 9.14 (IH, d. J=9H2) 
MASS : 266. 251. 210 

w 

Example 13 



A mixture of trans-4-[N-[1-(cyanoimino)ethyl]amino]-3.4-dihydro-2,2-dimethyl-3-hydroxy-2H-1- 

benzopyran-6-carbonitrile (0.53 g) and acetic anhydride (0.38 g) in dry pyridine (2.65 ml) was stirred at 
;5 room temperature for 8 hours. The reaction mixture was concentrated under reduced pressure and the 
residue was dissolved m ethyl acetate, washed with 5% hydrochloric acid, saturated aqueous sodium 
bicarbonate, and bnne. successively. The extract was dried over anhydrous magnesium sulfate and 
concentrated under reduced pressure. The residue was pulveri2ed with diisopropyl ether and collected by 
filtration to give trans-3-acetoxy-4-[N-[1-(cyanoimmo)ethyl]amino]-3.4-dihydro-2.2-dimethyi-2H-1- 
20 ben20pyran-6-carbonitnle (0.55 gj. 
mp : 236-237.5 ' C 

IR (NujOl) : 3225, 3100. 2225. 2160. 1745 cm"' 

NMR (DMS0-d5, 5) : 1.27 (3H, S). 1.35 (3H. S). 2.09 (3H. s), 2.28 (3H. s). 5.05-5.25 ^2H. m). 7.02 (IH. d. 
J=8.5H2), 7.70 flH. dd. J=8.5. 2H2). 7.77 (IH, br S). 9.22 (1H, s) 
25 Mass : 266, 251. 210 



Examole 14 

30 A mixture of trans-3-acetoxy-4-[N-[ 1 -(cyanoimino)ethyl]amino]-3,4-dihydro-2,2-dimethyl-2H- 1 - 
ben20pyran-6-carbonitnie (0.49 g) and 1.8-dia2abicyc!o[5.4.0]-7- undecene (0.46 g) in toluene (10 ml) was 
stirred at 80* C for 4 hours, at 90' C for 2 hours and at lOO' C for additional 2 hours. The resulting mixture 
was concentrated under reduced pressure. The residue was dissolved in ethyl acetate and then washed 
with 5% hydrochlonc acid.aqueous saturated sodium bicarbonate solution, and bnne, successively. The 

35 organic layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure- The 
residue (0.31 g; was subjected to column chromatography on silica gel (31 g) and eluted with a mixture of 
chloroform and methanol (40:1). The fractions containing the desired compound were collected and 
concentrated under reduced pressure to give powders (0.21 g). which were recrystalli2ed from ethanol to 
give 4-{N-[1-(cyanoimino)ethyl]amino]-2,2-dimethyl-2H-l-ben2opyran-6-carbonitnle (0.17 g). 

40 mp : 205-206 ' C 

IR (Nujol) : 3200. 3050. 2230, 2190, 1640. 1580 cm- 

NMR (DMSO-d<;. 5) : 1.45 (6H, s). 2.42 (3H. S). 6.06 (IH. s). 6,97 (IH, d. J=8.3H2), 7.65 (IH. dd. J = 8.3H2, 
J = 2H2). 7.69 (IH. d, J = 2H2). 10.02 (IH, s) 
MASS : 266. 251, 224, 210 



Anal. Calcd. for CisHiiN^O : 


Found : 


C 67.65, H 5.30. N 21 .04 
C 67.89, H 5.30, N 21.05 



Example 15 

55 ~ 

A mixture of trans-4-amino-3,4-dihydro-2.2-dimethyl-3-hydroxy-2H-l-ben2opyran-6-carbonitrlle (4.37 g) 
and ethyl N-cyanopropionimidate (2.65 g; in ethanol (22 ml) was refluxed for lO hours. The mixture was 
cooled and concentrated under reduced pressure. The residue was pulven2ed with ethanol and recrystal- 
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lized from ethanci to give trans-4-[N-[l -(cyanoimino)prcpyt]am!nol-3.4-dihydro-2.2-dirriethyi-3-hydroxy-2H-1 ^ 
benzopyran-6-carbonitrMe (2.81 g). 

mp ; 122 to 124 ' C 

iR (Nu)Ol) . 3370. 3300, 2230. 2180 cm" 
5 NMR (DMSO-d;;, 5) : 1.18 (3H, 3), 127 i'3H. t, J=76Hz). 2.60 i2H. quartet. J = 7 6Hz), 3 63 (1H. dd, 
J =9,3Hz), 4 95 (1 H, br t. J = 8.4Hz). 5 85 (1 H. d. J = 5.9Hz), 6.96 (1H. d. J =8.5Hz). 7 53 (1H. br s). 7 64 (1 H, 
dd. J = 8.5Hz). 9.05 (IH, d, J = 7 5Hz) 
MASS : 298. 280. 265. 229. 210 





Anai Calcd. for CoH^sNdOs : 






C 64.42. H 6.08, N 18.78 




Found : 


C 64.48. H 6.14. N 18.71 



:5 



E^aripie i6 

To a 30iut!on of trans-4-[N-[l -(cyanoirTiino)propy:]ammo]-3.4-oihydro-2.2-d{methyl-3-hydroxy-2H-l - 
ben20pyrari-6-carbonitrile (1.49 g) in dry pyridine {7.5 ml) was added dropwise mesyl chloride (0.77 g) 
under ice-water cooling. The resulting mixture was stirred overnight at room temperature and concentrated 
under reduced pressure. The residue was dissolved in a mixture of ethyi acetate and washed with 5% 
hydrochloric acid (twice), aqueous sodium bicarbonate and brine, successively. The organic layer was dned 
~^ over anhydrous magnesium sulfate and evaporated in vacuo. The residue /vas recrystallized from ethanol to 
give trans-4-[N-[l-(cyanoim!no)propyljamino]-3,4-dihydro-2.2-dimethyl-3-mesyloxy-2H-1-ben20pyran-6-car- 

bonitriie (l .50 g). 

mp . 189 to 190' C (cec.) 

IR (NujOl) : 3300, 2225. 2180 cm"' 

NMR (DMSO-d^, 5) : 1.25 (3H, t, J=7 7Hz). 1.36 (3H. s), 1.45 (3H. s), 2.58 (2H. quartet. J = 7.7Hz), 3.39 (3H, 
3). 4.91 (IH. d. J=5.7Hz). 5.18 (IH. t. J=6.4Hz). 7.05 (IH. d, J = 8.5H2). 7.73 (IH. cd. J = 8.5 J = 2.0Hz), 
7.82 (IH. d. J = 2.0Hz), 9.26 (IH, d. J = 7.1 Hz) 
MASS : 280. 265 



Aral. Calcd. ^or .^H:cN.O.S : 


Found : 


C 54.24, H 5.36. N 14.88 
C 54.38, H 5.30. N 14.77 



Examole 1 7 



The following compound was obtained according to a similar manner to that of Example 14. 
4-[N-f1-(Cyanoimino)propyl]amino]-2,2-dimethyl-2H-l-benzopyran-6-carbonitriie 

mp ; 171 to 172' C 
IR (Nujol) : 2225. 2180. 1660. cm"' 
50 NMR (DMSO-dc. 5) : 1.31 (3H. t. J = 7.6Hz), 1.46 (6H. s), 2.70 (2H. quartet. J = 7.6H2). 6.10 (IH. s). 6.98 (IH, 
d. J = 8.4Hz), 7.63 (IH, d. J = 20Hz). 7.66 (IH. dd. J=8.4H2, J=2-0H2). 9.97 (IH. br s) 





Anal. Calcd. for CksHi^N^O : 


55 




C 68.55. H 5.75. 


N 


19.99 




Found : 


C 68.48, H 5.87, 


N 


19.92 
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MASS : 280. 265, 238. 210 



Example 18 

5 

The following compound was obtained according to a similar manner to that of Example 15. 
trans-4-t[(Cyano!mino)(phenyl)methylIaminoh3.4-dihydro-2.2-dimethyl-3-hydroxy-2H-l-benzopyran-^^ 
carbonitrile 

mp ; 147 to ISO'C (dec.) 
w IR (Nujol) : 3470, 3430. 3235. 3075. 2230, 2180. 1610. 1095 cm-^ 

NMR (DMSO-dc, 6) : 1.23 (3H. s). 1 45 (3H. s). 3.77 flH. dd. J = 5 9, 9 3Hz). 5.18 (1H, br t. J = 7.6H2). 6.05 
(1H, d. J = 5.9Hz), 6.97 (1H. d. J = 8.5Hz). 7.55-7.90 (7H, m). 9.43 (IH. d, J = 7.6Hz) 
MASS : 346, 328. 313. 276 

?5 

Example 19 



A solution of trans-4-amino-3.4-dihydro-2.2-dim.ethyl-3-hydroxy-2H-l-ben2opyran-6-carbonitriie (5.0 g). 
methyl N-cyano-4-chiorobutyrimidate (7.36 g). tnethylamine (4.8 ml), and toluene (12 ml) was stirred at 

20 lOO'C for 2 days. After being cooled to room temperature, the reaction mixture was concentrated. The 
residue was taken up m ethyl acetate and washed with bnne, dried over anhydrous magnesium sulfate, and 
concentrated. After punfication by column chromatography on silica gel (elution with chloroform-methanol 
25.1), the crude oroduct was further punfied by recrystallizaticn from ethyl acetate to give trans-4-(2- 
cyanoiminopyrrolidin- 1 -yl)-3.4-dihydro-2.2-dimethyl-3-hydroxy-2H- 1 -benzopyran-6-carbonitrile (0.87 g). 

25 mp : 246 to 247 'C 

IR (Nujol) : 3350, 2230, 2180, 1600 cm"' 

NMR (DMSO-d^;. 5) : 1.19 (3H. s), t .46 (3H. s). 2.0-2.2 (2H, m). 2.8-3.3 (3H. m), 3.4-3.7 flH. m). 3.8-4.0 (IH. 
m), 5.16 (IH. d. J = 10Hz), 5.90 (IH. d. J = 5Hz^ 6.97 (1H. d. J = 9Hz). 7.59 (IH, br s). 7.64 (IH. br d, 
J=9Hz) 

30 MASS : 292 (M* - 18). 277 





Anal. Calcd. for d 7H13N4.O2 : 






C 65,79. H 5,85, N 18.05 


35 


Found : 


C 65.65. H 5.98, N 17.88 



Example 20 

The following compounds were obtained according to a similar manner to that of Example 15. 

(1 ) trans-4-[N-[1 -(Cyanoimino)butyl]amino]-3.4-dlhydro-2,2-dimethyl-3-hydroxy-2H-l -benzopyran-6- 
carbonitrlle 

mp : 155 to 158' C (dec.) 

IR (Nujol) : 3385. 3270. 3115. 2225. 2160. 1615, 1075 cm"' 

NMR (DMS0-d5. 5) : 0.99 (3H. t. J = 7.4Hz). 1.19 (3H. s). 1.41 (3H. s). 1.75 (2H. septet. J=7.4H2). 2.5-2.75 
f2H. m). 3.63 (IH. dd. J =6.0. 9.2H2). 4.97 flH, t, J = 8.4Hz), 5.82 (IH, d. J=6,02Hz). 6.96 (IH, d. J=8.5Hz). 
7.52 (1H. br s). 7.64 (1H, dd. J = 1.9. 8.5H2), 9.09 (IH. d. J = 7.9Hz) 
MASS : 313. 294, 279 



Anal. Calcd. for C-. zHaoN/tOg : 


Found ; 


C 65.37, H 6.45. N 1 7.94 
C 65.40, H 6.52, N 17.79 
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(2) :rans-4-[N-(Cyanoiminomethyi)amino]-3.4-dihydro-2.2-dirTiethy)-3-hydroxy-2H-1-b^^ 

bonitrile 

mp : 142 to 147' C (dec.) 
iR (Nuiol) : 3270. 2200. 1610 cm"' 
5 NiViR (DMSO-dvi. S) . 1 Wand 1.18 (totai 3H. each s). 1.41 >3H, s;, 3.62 flH. dd, J =6.0, 9 4Hz), 4 46 M 3H. 
d. J=9.4Hz), 4.96 (2 3H. d. J = 9.4H2), 5.38 (23H, J-6.0Hz), 6 06 (r3H. d. J=6.0H2;, 6.95 flH. d. 
J =8.5H2). 7,55-7.8 (2H. m), 8.45 (1.3H. br s). 8.60 (2/3H. s). 9.36 MH, br s) 
MASS . 270. 252. 237 

(3) trans-4-[N-f1-(Cyanoimino)ethyl]am!no]-3,4-dihvdro-2.2-dimethyt-3-hydroxy-6-mesyi^ 

'G zopyran 

mp : 246 to 248' C 

IR (Nuioi) : 3340. 3300, 3140. 2180 cm" 

NMR [DMSO-d.;, 5) : 119 (3H. s). 1.42 (3H, s). 2.34 (3H. s), 3.17 /3H. s), 3 60 flH, dd. J=6, 9Hz). 5.02 flH. 
t-like, J=ca. 8Hz). 5 86 {1H. d. J=6Hz}. 7.01 (1H. d. J = 9H2). 7.60 (1H. d. J = 2H2). 7.73 (IH, dd. J = 2, 
15 9H2), 9.21 (IH. d. J = 8H2) 
MASS ■ 319 (M' - 13). 304 



1 _ j 

Ana!. Calcd for C.^Hi^NiOiS ; 


round . 


C 53.40, H 5.68. N 12.45 
C 53.01. H 5.68. N 12.17 



(4) ^.rans-4-[N-[1-(Cyanoinnino)e[hyl]amino]-3,4-dihydro-3-hydroxy-N.N-2.2-tetramethyl-2H-1 - 

benzopyran-6-3Uifonannide 

mp ; 220 to 221 ' C 

IR (NujOi) : 3330, 2200 cm"' 

,NMR (DMSO-ds, 5) : 1,20 (3H, s), 1.43 (3H. s), 2.33 (3H. s). 2.57 (6H, s). 3.66 f1H. dd, J =4, SHz). 4.9-5.0 
(IH, m). 5.88 (IH, d. J=5H2). 7.00 (1H. d. J = 3Hz), 7.38 (1H. d, J = 2Hzj. 7.54 flH. dd, J = 2. 8H2). 9.23 (IH. 
d. J=8H2) 
MASS : 366. 333 





Anal. Calcd. for C^^Hz^NdOiS : 


35 




C 52.44, H 6.05. N 15.29 




Found : 


C 52.19. H 6.02. N 15.03 



JO (5) trans-4-[N-[1-(Cyanoimino)ethyllamino]-3.4-dihyGro-3-hydroxy-2.2-dimethyl-6-nitro-2H-1-ben- 

zopyran 

mp : 155 to 157° C 

IR (Nu)Ol) : 3570. 3400. 3230, 3080. 2200. 1520 cm^' 

NMR (DMSO-ds, 0) : 1.22 (3H. s), 1.45 (3H. s), 2.37 (3H. s). 3.67 (IH. dd, J = 5, 8H2), 5.02 (IH, br t. 
45 J=8H2). 5.94 (1H. d, J = 5H2), 7.01 (IH. d, J = 9Hz). 7.97 (1 H. d. J = 3H2). 8.09 (1H. dd, J=3, 9H2), 9.26 
(IH. br d. J = 8H2) 
MASS : 304. 286, 271 

(6) trans-6-Acety!-4-[N-t1-fcyancimino)ethyl]amino]-3,4- dihydro-3-hydroxy-2,2-dimethyl-2H-1 -ben- 

20pyran 
50 mp : 199 to 201 ' C 

IR (Nujoi) : 3420, 3300. 3130, 2190, 1660 cm" 

NMR (DMSO-dG. 5) : 1.18 (3H. s), 1.41 {3H. s), 2.35 (3H. s). 2.50 (3H. s), 3.61 (IH. dd. J = 6. 9H2), 500 (1H. 
t. J=9Hz), 5.80 (IH. d. J=6H2). 6.89 (1H. d. J=9H2), 7.67 (1H. br S). 7.82 (IH, dd. J = 2. 9H2). 9.18 (IH. d. 
J = 9H2) 
55 MASS ; 301, 283. 268 
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Anal. Calcd. for C^HisNiOa : 


Found : 


C 63.77, H 6.35, N 13 94 

C 63.64. H 6.39. N 13.68 



5 



(7) trans-6-Bromo-4-[N-[lWcyanoimmo)ethyl]animo]-3,4-dihydro-3-hydroxy-2.2-dinriethyl^^ 
zopyran 

mp , 252 to 254' C (dec; 

(R (Nujol) • 3475. 3220. 3080. 2175. 1085 cm^' 

NMR (DMSO-d&. 5) : 1.13 {3H. s). 1 36 (3H. s), 2.31 (3H, s). 3.54 flH, dd. J = 6, 9H2). 4.94 (IH. t, J=9H2). 
5.68 riH. d, J=6H2). 6.72 (IH. t, J = 8H2). 7.18 (IH. d. J=2H2). 7.31 flH, dd, J=2. SHz;. 9.08 (IH, d, 
J = 9Hz) 

MASS : 337, 339. 319. 321. 304. 306 



20 



Anal. Calcd. for CtiHii;BrN302 : 


Found . 


C 49.72. H 4.77. N 12.42 
C 49.32. H 4.81. N 1 1.86 



25 Example 21 



The following compounds were obtained according to a similar manner to that of Example 16. 

(1) trans-4-[[(Cyanoimino)(phenyl)methyl]amino]-3.4-dihydro-2,2-dimethyl-3-mesyloxy-2H-1- 
benzopyran-6-carbonitnle 
30 mp : 216 to 217' C (dec.) 

IR (Nujol) 3290, 2220, 2175. 1608, 1340 cm~' 

IMMR (DMS0-d5. 5) : 1.39 (3H, s), 1.50 (3H. s). 3.41 (3H, s), 5.07 (IH, d. J = 6.1H2). 5.41 (IH. br t, 
J = 6.5H2). 7.05 (IH. d, J = 8.6Hz), 7.50-7.85 (6H, m), 7.97 (1H. br s), 9.68 (IH. d, J = 7.2H2) 
MASS : 217 



Anal. Calcd. for C^'HooNdO^S : 




C 59.42, H 4.75, N 13.20. S 7.55 


Found : 


C 59.49. H 4.75, N 12.91, S 7.80 



(2) trans-4-[N-[l-(Cyanoimino)butyl]amino]-3,4-dihydro-2,2-dimethyl-3-mesyloxy-2H-l-ben2opyran-6- 
carbonitrile 
mp : 179 to 181 ' C 

IR (Nujol) : 3245, 3100, 2230. 2180 cm*' 

NMR (DMSO-de, 5) : 0.97 (3H, t. J = 7.4H2). 1.37 (3H. s). 1.43 (3H, s). 1.73 (2H. septet. J = 7.4Hz). 2.45-2,65 
(2H, m), 3.40 (3H. s). 4.91 (IH. d. J = 5.2H2). 5.16 (IH. t, J = 6,0H2). 7.06 (1H. d, J = 8,5Hz), 7.74 (IH. dd. 



J = 2.0, 3.5H2), 7.78 (1H, br s), 9.30 (IH. d, J 


= 6.8H2) 


MASS : 390, 294, 279 

50 








Anal. Calcd. for CisHaaN^O^S : 






C 55.37, H 5.68. N 14.35 


55 


Found : 


C 55.65, H 5.69, N 14.21 



(3) trans-4-{2-C/anoiminopyrrclidin- 1 -yl)-3.4-dihydro-2,2-dimethy i-3-mesyloxy-2H- 1 -ben20pyran-6-car- 
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bcnitr;le 

mp : 243 to 245 ' C 

IR (NujOt) : 2220, 2180. 1580 cm-' 

NMR (DMSO'dfi. 5) : 1,28 (3H, 3). 1.55 {3H. s), 19-2.2 (2H. m). 2,7-3.3 i3H. m), 3.33 (3H, 5). 3.4-3.7 (1H. 
5 m), 5.0-5.2 OH. :n), 5.5-5.7 (1H, m). 7.06 !lH. d. J =8Hz). 7 72 (1H. br d. J =8H2), 7.77 (IH. br s) 
MASS . 309 (M' - 79), 292. 277 



Example 22 

■0 

The roiiowing compounds were obtained according to a simiiar manner to that of Exam.ple 14. 
(1) 4-[[(Cyanoimino)(phenyl)m.ethyi]aminGj-2.2-dimethyl-2H-l-ben2opyran-6-carbonitrile 

mp : 256 to 259' C (dec.) 

iR (NujOl) . 3330. 3155. 2220. 2175. 1655. 1610 cm"' 
;5 iNMR (DMSO-dfi. 5) 1.49 (6H. 5). 6.17 (1H. s), 7.01 M H. d. J =8.9Hz). 7.6-3.0 iSH, .m) 
MASS . 328. 313 





Anal. Calcd. for C2cH^;;NiO ; 


20 




C 73.15, H 4.91. 


N 


17.06 




Found : 


C 72.30. H 4.86. 


N 


16.61 



(2) 4-!N-[l-(Cyanoimino)butyilam;ncj-2,2-dimethyi-2H-i-ben20pyran>6-carbonitr!le 
mp : 131 to 133' C 

IR (Nujol) : 3180, 3050, 2225. 2170, 1665. 1600 NMR (DMSO-d^. S) ■ 1.02 (3H. t, J = 7 4Hz), 1.46 (6H. s), 
1 79 (2H, septet. J-7.4H2), 2.68 (2H. t. J = 7.4Hz), 6.08 (1H, s), 6.99 [1H. d, J = 8.4Hz), 7.60 (1H. d. 
J = 2.0Hz). 7.67 (1H, dd. J = 2.0. 8.4Hz). 9.97 (1H, br s) 
MASS : 294. 279 



Anal. Caicd- for Cw-HisN^O : 


Found : 


C 69.37, H 6.16, N 19,03 
C 69.36, H 6.29. N 18.96 



(3) 4-f2-Cyanoimlnopyrrolidin-1-yl)-2,2-dimethyl-2H-l-ben20pyran-6-carbonitriie 
mp ; 267 to 269' C 

ao !R (Nujol) : 2220, 2180, 1660. 1600 cm"' 

NMR (DMSO-dfi. 5) : 1.46 (6H. s), 2.1-2.3 (2H. m). 3.03 (2H. t-like. J = ca. 8Hz). 3.31 (2H. t, J = 7Hz). 6.09 
(1H. s). 5-99 (1H, d. J=8H2), 7.6-7.7 {2H. m) 
MASS : 292. 277 



Anaj. Calcd. for CizH^^N^O : 


Found : 


C 69-85, H 5.52, N 19.16 
C 69.72, H 5.84. N 13.83 



Example 23 



To a solution of trans-4-[N-(cyanoiminomethyl)amino)-3,4-dihydro-2,2-dimethvl-3-hydroxy-2H-1 - 

benzopyran-6-carbonitrile (1.08 g) m dry pyridine (5.4 mi) was added m.esyl chlonde (0.77 ml) under ice- 
water cooling. The reaction mixture was stirred for 2 hours and 20 minutes at ambient temperature and 
evaporated. The residue was suspended :n toluene (26 ml) and thereto was added 1 .3-dlazaDlcyc;o^5.4.0]- 
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undeC'7-ene (0.89 mi). The reaction mixture was stirred at 70 *C for 50 minutes and concentrated under 

reduced pressure. The residue was dissolved in ethyl acetate and then washed with brine. The organic 

layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue 

was subjected to a column chromatography on silica gel (28 g) and eiuted with a mixture of ethyl acetate 
5 and n-hexane (1*4 -* The fractions containing the object compound were combined and concentrated 

under reduced pressure. The residue was recrystallized from 50^o aqueous ethanol to give 4-[N- 

(cyanoim!nomethyl)amino]-2.2-dimethyl-2H-l -benzopyran-6-carbonitnle (0.38 g). 

mp : 159 to IST C 

IR (Nujol) : 2115. 1665. 1635 cm*"' 
/O NMR (DMSO-d;;, 5) . 1.45 (3H, S). 1 46 (3H, s), 5.97 (1 2H, s). 6.34 (1 2H, s). 7.00 (1H. d. J=8.4H2), 7.6-7.8 

{2H. m). 8 53 (1 2H. s), 8.73 (1 2H. br s). 10.60 (IH, br s) 

MASS : 252, 237 



/5 Example 24 

The following compound was obtained according to a similar manner to that of Example 1 . 
trans-2.2-Dim.ethyl-4-(l.l-dioxo-1 2,5-thiadiazolidin-2-yl)-3-hydroxy-2H-l -ben20pyran-6-carbonitrile 
mp : 180 to 183' C 
20 IR (Nujol) ■ 3560. 3245. 2225. 1 162 cm"' 

NMR (DMSO-dn. o) . 1.18 (3H. s). 1.46 (3H. s), 2.87-3.80 (5H. m). 4.41 flH. d. J = lOHzh 5.66 (IH. br S), 
6.90 /IH. d. J =8Hz). 7.14 (IH, br sj. 7.59 (IH. dd. J = 2, 8Hz). 7.77 MH. d, J = 2Hz) 
MASS : 323. 290. 252 



25 



Anal. Calcd. for C-.H^ ;N304S : 


Found : 


C 52.00. H 5.30. N 12.99 
C 52.09. H 5.29, N 12.86 



Example 25 

To a solution of l.1-dioxo-2-methyl-l.2.5-thiadiazolidine (0.89 g> in dimethyl sulfoxide (22 ml) was 
added 50% sodium hydnde (0.26 g) in mineral oil portionwise under water-cooling. The reaction mixture 
/vas stirred at ambient temperature for 30 minutes and thereto was added 3,4-dihydro-2,2-dimethyl-3.4- 
epoxy-2H-1-benzopyran-6-carbonitnle (0.88 g). The reaction mixture was stirred at ambient temperature for 
2 days, poured into ice-water (65 g), extracted with ethyl acetate. The extract was washed with brine, dried 
over anhydrous magnesium sulfate, and evaporated in vacuo. The residue was subjected to column 
chromatography on silica gel (45 g) and eiuted with a mixture of methanol and chloroform (1:50). The 
fractions containing object compound were combined and concentrated under reduced pressure. The 
residue was recrystallized from ethanol to give white crystal of trans-2,2-dlmethyl-4-(l.1-dioxo-5-methyl- 
1,2.5- thiadiazolidln-2-yl)-3-hydroxy-2H-l-benzopyran-6-carbonitrile (0.28 g). 
mp : 213 to 214' C 

IR (Nujol) : 3520. 2220, 1607. 1275 cm*' 

NMR (OMSO-ds. 5) : 1.17 (3H, s). 1.43 (3H. s). 2.67 (3H, s), 2.83-3.50 (4H. m). 3.64 (IH. dd, J =6, lOHz), 
4.44 (1H. d. J=10H2). 5.80 (IH, d. J=6H2). 8.92 (IH, d. J = 8H2). 7.61 (IH, dd. J = 2. 8H2). 7.70 (1H. d, 
J = 2Hz) 

MASS : 337. 304. 266 





Anal. Calcd. for dsHtoNiOeS : 


55 




C 53.40, H 5.68, N 12.45 


Found : 


C 52.91. H 5.57. N 12.35 
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Example 26 



The following compounds were obtained according to a sinnilar manner to that of Example 2 
( 1 ) 4-[N-[1 -{Cyano!mino)ethyijamino]-2.2-d(methyi-6-mesy!-2H- i-benzopyran 

mp . 181 to 182' C 

IR(Nujol) : 3240. 3070. 2180, 1670 cm^' 

NMR(0MSO-dft. 0) : 1.46 iSh. s). 2.44 (3H. s), 3. IS (3H. s). 5.12 (IH. s). 7.04 (1H. d. J=8H2). 7 66 (1H. d. 
J =2Hz). 7.74 (IH. dd. J = 2. SHz). 1 0. 1 2 ( 1 H. br s) 
MASS 319.304 



Anal. Calcd. for C-.HwN:.O.S 


Found . 


C 56.41. H 5.36. N 13.16 \ 
C 56.16. H 5.36. N 12.90 



(2) 4-rN-[l -^Cyanoimino)methy!]amino]-2.2-dimethyi-6-nttro-2H-1-ben20pyran 
np : 200 to 201 ' C 

IR (Nuiol) . 3200. 3050, 2170. 1660 cm"' 

NiMR (DMSO-dq. .5) : 1.54 (6H. 5). 2.58 (3H. s). 6.38 (1H, S). 6. 91 MH. d. J= lOHz), 7.65 MH. Dr s). 8.0-8.1 
{2H. m) 

MASS : 286. 271. 256 



Anal Calcd. 'or C-4H,4.N403 : 


Found ; 


C 58.74. H 4,93. N 19.57 
C 59.01. H 5.00. N 19.53 



(3) 2,2-Dtmethyl-4-{l ,l-dioxo-5-methyi-l .2.5-thiadia20lidin-2-yl)-2H-l -ben20pyran-6-carbonitrile 

mp ; 147 to 1 48 ' C 

IR (Nujoi) : 2225. 1637, 1328 cm'' 

NMR (CDCh. o) : 1.50 (6H. s). 2.83 (3H. s), 3.32-3.74 (4H. m). 6.00 (IH. s). 6.83 (IH, d, J=8Hz;. 7.42 (1 H. 
35 dd, J =2, SHz), 7.61 (IH. d, J = 2H2) 
MASS : 319. 304 





Anai. Caica. for C-s H^ .^NiOnS ; 


40 




C 56.41. H 5.36. N 13.16 




Found : 


C 56.13. H 5-31. N 13.10 



Example 27 

The 'ollowing compounds were obtained according to a similar manner :o that of Example 23. 

(1 ) 6-Bromo-4-{N-(1 -(cyanoimino)ethyl]amino]-2.2-dimethyl-2H-1-benzopyran 

50 • 

mp : 167 to 169 C (dec.) 

IR (Nujol) : 3185. 2180. 1645 cm"' 

NMR [DMSO-dfi, 6) : 1.41 (6H. s). 2.42 (3H. s). 6.03 (IH. S), 6.79 [IH. d, J=9.2H2). 7.3-7.4 (2H. m). 9.97 
(IH, br s) 

MASS : 319. 321. 304, 306 

(2) 4-rN-[1-fCyanoimino)ethyl]amino]-N.N,2,2-tetramethyl-2H-l-benzoDyran-6-sulfonamide 

mp ; 213 to 214* C 

IR (Nu)Ol) : 3220. 3050. 2180. 1670 cm"' 

NMR (DMSO-d^, S) : 1.47 (6H. s). 2.43 (3H. s), 2.59 (6H. s). 6.03 (IH. s). 7,03 (1H. d. J=9Hz). 7.37 flH. d. 
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J=2Hz). 7.54 (1H. dd. J =2. QHz). 10.23 (1H. br s) 
MASS : 348, 333 



5 



Anal. Calcd. for Cic^HsoMdO^S : 


Found : 


C 55.16. H 5.79, N 16.08 
C 55.12. H 5.65, N 16.01 



Example 28 

The following compound was oDtained according to a similar manner to that of Example 1, 
^ trans-4-(2-Cyano»minothiazoiidin-3-yl)-3,4-dihydro-3-hydroxy-2,2,6-tnmethyl-2H-l-benzopyran 
mp : 234 to 235' C 
IR (Nujol) : 3290, 2190. 1570 cm"' 

NMR (DMSO-d^;. 5) : 1.12 (3H, s). 1 41 (3H. s), 2.22 (3H. s), 3.3-3.6 (3H. m). 3.65-3.9 (2H, m). 5.17 flH. d, 
J = 1G 0Hz). 5.83 f1H. d, J=5.7Hz), 6.65-6.75 (2H, m). 7.00 HH. br d. J = a.3Hz) 
MASS -317. 299. 284 



25 



Anal. Calcd. for C-^H^aNiO-S : 


Found ; 


C 60.55, H 6.03, N 13.24 
C 60.55, H 6.14. N 13.06 



30 

Example 29 

The following compounds were obtained according to a similar manner to that of Example 15. 

(1) trans-4-[N-[1-(Cyanoimino)methyl]aminol-3,4-dihydro-3- hydroxy-2.2,6-trlmethyl-2H-l-benzopyran 
25 mp : 243 to 245 ' C 

IR fNujOl) : 3500. 3240, 3100. 2175 cm"- 

NMR(DMSO-do. 3) . 1.12 (3H. s), 1 36 (3H. s). 2.20 (3H, s). 2.32 f3H. s), 3.52 (IH, dd. J =9 3, 5.5Hz). 4.94 
(1H. t, J=9-0Hz). 5,62 HH, d. J==5.5Hz). 6,65 flH. d, J=8.2Hz). 6.87 (IH. br s). 6.96 (IH, d, J=8.2Hz). 9.10 
f1H, d, J = 8.7H2) 
40 MASS: 273, 255, 240 

(2) 4-[N-[1-(Cyanoimino)ethyl]-N-methylamlno]-3.4-dihydro-3-hydroxy-2,2-dimethyl-2H-1-benzopyran- 
6-carbonitrile 

mp : 258 to 259* C 

IR (Nujol) : 3325, 3280, 2225, 2190, 1560 cm'' 

-iS NMR (DMSO-d?. (5) : 1.19. 1.21 (total 3H. each s). 1.45. 1.47 (total 3H. each s). 2,52 (I.SH. s). 2.58 (1.2H, s), 
2.62 (1.2H, s), 2.80 (1.8H, s). 3.7-3.8 (1 H, m). 4.98 (0-4H. d, J = 9.6Hz). 5.7-5.9 (IH, m), 6.14 (0.4H, d. 
J = 5.9H2), 6.9-7.1 (1H, m), 7.5-7.7 (2H, m) 
MASS : 298. 280. 265. 221. 56 



Anai. Calcd. for CtsHiaNAOa : 


Found : 


C 64.42. H 6.08. N 18.78 

C 64.38. H 6.22, N 18.40 



(3) Ethyl trans-4-[N-[l-(cyanoimino)ethyl]amino]-3.4-dihydro-3-hydroxy-2,2-dimethyl-2H-1- 

benzopyran-6-carboxylate 
mp . 194 to 196' C 
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!R fNujOl) : 3300, 2190, 1685, 1580 cm"' 

NMR (DMSO-ds, 5) • 1.18 (3H. s). 1.29 f3H, t. J = 7.lHz), 1.41 (3H, 3), 2.35 {SH, s), 3,61 M H, dd, J = 9.1, 
5.5H2), 4 27 f2H, quartet. J = 7 1Hz), 4.99 (1H, t. J=8.7Hz). 5.81 {IH. d, J=5.5Hz), 6.88 (1H. d. J =8. GHz). 
7.68 (IH. br 3). 7.77 (IH. dd, J = 8.6. 2.0Hz), 9.19 (IH. d. J =a.4Hz) 
5 (4) trans-4-[N-[1 -(cyanoimino)-2MTiethyipropyi]amino]-3.4wjinydro-2.2-dimethyl-3-hydrox 

benzopyran-6-carbonitrile 
mp : 215 to 216.5* C 

IR (NujOi) : 3225. 3090. 2225. 2190. 1610. 1565 cm-' 

NMR (DMSO-d^, 5) ■ 1 19 ('3H. s), 1.31 ^3H. d. J = 7.0Hz), 1 32 f3H. d, J = 7.0Hz), 1.42 (3H. S). 3.09 (iH. 
ro septet, J = 7.0Hz), 3.74 fiH. dd. J = 9.3. o OHz), 5.01 (1H, br t. J = 8.7Hz). 5.84 (1H. d. J = 6.0H2). 6.97 (IH. d. 
J = 8.5Hz). 7.43 (IH, br s). 7.65 (IH. dd. J = 3.5. 1 .QHz), 8.70 (IH. d, J = 8.2Hz) 



Anal. Calcd. for C./HrcNiO^ 


Found : 


C 65.37, H 6.45. N 17.94 
C 64.90, H 6.74. N 17.50 



cxan^.pie 30 

The following ccmpound was obtained according to a similar manner to that of Example 16. 
trans-4-[N-[l -(Cyancimino)-2-methy lpropyi]aminol-3.4-dihydro-2.2-dimethyl-3-nnesyloxy-2H-1 -benzopyran-6- 

carbonitrile 

mp : 210 to 21 r C 

IR (Nujol) : 3240, 3100. 2225. 2180. 1610. 1550 cm"' 

NMR (DMSO-dft. 5) : 1.29 (3H. d. J = 7.0Hz). 1.30 (3H, d, J = 7.0Hz). 1.34 (3H. s). 1.47 (3H, S). 3 05 (1H, 
septet, J = 7.0H2). 3.37 (3H, s). 4.98 (IH. d. J=6.2Hz). 5.22 (IH. br t. J = 6.5Hz). 7.06 {1H. d, J = 8.2H2). 
7.65-7.8 (2H. m). 8.93 (1 H. d. J = 7.1 Hz) 
MASS : 390. 31 1. 294. 279 



Anal. Calcd. for Ct3H22N^04S : 


Found : 


C 55.37. H 5.68, N 14.35 
C 55.54. H 5.80, N 14.14 



Example 31 



The following compound was obtained according to a similar m.anner to that of Example 2. 
45 4-(2-CyanoiminothiazQlidin-3-yl)-2.2.6-trimethyl-2H- 1 -benzopyran 
mp : 107 to 108' C 
IR (Nujol) : 2170, 1650. 1550 cm"' 

NMR (DMSO-de. 5) : 1.39 (6H. s). 2.23 (3H. s), 3.69 (2H. t, J=7.4H2). 4.14 (2H, t. J = 7.4H2). 5.98 (IH. s), 
6.73 (1 H. d. J = 8.1 Hz). 6.80 (1 H, d. J = 1 .7Hz), 7.00 (1 H. dd. J = 8.1 . 1 .7Hz) 
.50 MASS : 299, 284 



Example 32 

55 The following comoound was obtained according to a similar manner to that of Example 14. 
4.[N,[1 -{Cyanoimino)-2-methy lpropytiaminol-2.2-dimethyi-2H- 1 -benzopyran-6-carbonitrile 

mp : 159 to 160' C 

IR (Nujol) : 3180. 3050. 2225. 2175. 1665. 1560. 1530 cm"' 
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NMR (DMSO-d:;. 3) : 1.36 (6H. d. J = 6.9H2). 1.47 {6H. s). 3.11 (1H. septet, J=6.9Hz). 6.00 (1H. s), 6.99 (1H, 
d. J = a-4H2), 7 41 (1H, d. J = 1.9H2). 7.66 (IH. dd. J =8.4, 1.9Hz). 9.75 (1H. s) 
MASS : 294. 279 



Anal. Calcd. for C./H-sNcO ; 


Found : 


C 69.37. H 6.16. N 19.03 
C 69.43. H 6.15. N 19.02 



Example 33 

A mixture of ethy! 4-(2-cyanotminothlazolidin-3-y!)-2.2-dimethyl-2H-l-benzopyran-6-carboxylate (1.15 g) 
and lithium iodide (3.44 g) in 2.6-lutidine (11.5 ml) was refluxed overnight. The resulting mixture was 

disscived in a mixture of ethyl acetate and 10% hydrochloric acid, and the organic layer was separated and 
washed with bnne. The extract was dried over anhydrous magnesium sulfate and concentrated in vacuo. 
The residue was purified by column chromatography on silica gel /elution with 30:1 to 4:1 chloroform- 
methanol) followed by recrystallization from ethanoi to give 4-(2-cyanoiminothia2olidin-3-yi)-2.2-dimethyI-2H- 
i-benzopyran-6-carboxyIic acid (0.63 g). 
mp • 238 to 239' C (dec.) 

IR iNujCl) : 3320, 2630, 2190. 1710. 1685. 1660. 1610, 1550 cm*' 

NMR (DMSO-d^. 6) : 1.45 (6H. S), 3.70 (2H, t. J = 7.5Hz), 4.20 (2H. t. J = 7.5Hz), 6.14 (IH. s). 6.92 (IH, d, 
J=8.4Hz). 7.46 (IH. d. J=2.0Hz). 7.79 (IH, dd, J =8.4, 2.0Hz). 12.9 (IH, br S) 
MASS : 329. 314. 296 



Claims 

1 A compound of the formula : 



wherein 

R' and R^ are each lower alkyi, 

is hydroxy or acyloxy and R* is hydrogen, or 
R- and R* are linked together to form a bond, 

R^ is hydrogen or lower alkyl and R^ Is hydrogen, lower alkyI or aryl, or 

R^ and R^ are iinked together to form lower alkylene, 

R^ is cyano, acyl. halogen, nitro or lower alkyi. 

X is cyanoiminomethylene or sulfonyl, and 

Y is single bond. thio. imino which may have lower alkyl, 

provided that 

i; when R^ is cyano. X is cyanoiminomethylene and Y is thio or imino which may have lower alkyt, then R^ 
IS hydrogen or lower alkyl and R'' is aryl; and 

ii) when R' is cyano. R^ and are linked together to form lower alkylene and X is sulfonyl, then Y is thio 

or immo which may have lower alkyi. 

and pharmaceutically acceptable saits thereof. 

2. A compound of claim 1 . which is represented by the formula : 
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J 5 



JO 
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wherein 

R' and R- are each lower alkyi. 

is hydroxy or acyloxy and R* is hydrogen, or 
R- and R^ are linked together to form a bond. 

R' iS hydrogen or lower alky I and R'' is hydrogen. lower alkyI or aryi. or 

and R*^ are linked together to form lower alkylene, 
R' is acyi, halogen, (Titro or iower aikyl, 
X is cyanoiminorrsethylene or sulfonyl, and 

Y IS Single bond, rhio, innmc which may have lower alkyi. 
and pharmaceutically acceptable salts thereof. 

3. A compound of Claim 2. ;n which 

R' is hydroxy, lower alkanoyloxy or lower alkyisulfonyloxy and R'^ is hydrogen, or 
R- and R* are linked together to form a bond, and 

R^ is lower alkanoyi. lower alkylsulfonyl. N.N-di(lower)aikylsuifamoyi, lower aikoxycarbonyl. carboxy, haio- 
gen, nitro or lower aikyi, 

4. A compound of Claim 3. m which 
X is cyanoimmomethylene. 

5. A compound of Claim 4. tn which 
R- is hydroxy and R* iS hydrogen, or 

R- and R*^ are linked together to form a bond, 

R^ and are linked together to form ethylene, and 

Y is thio. 

6. A compound of Claim 5, which is selected from the group consisting of : 
trans-4-(2-cyano<m.!ncthiazolidin-3-yl)-3.4-dihydro-3-hydroxy-6-mesyl-2.2-dfmethyl-2H-1-benzopyran. and 

4-(2-cyanoiminothiazOiidin-3-yi)-6-mesyl-2,2-d(methyl-2H-1-benzopyran. 

7. A compound of claim 1. which is represented by the formula : 



40 



R^-N-X-y-R^ 




50 



55 



wherein 

R' and R' are each lower alkyi, 

R^ is hydroxy or acyloxy and R* is hydrogen, or 

R^ and R* are linked together to form a bond. 

R5 is hydrogen or lower aikyl and R^ is hydrogen, lower alkyi or aryl, or 
R5 and R^ are linked together to form lower alkylene, 

R"" is cyano, and 

X is cyanoiminomethyiene and Y is single bond, or 

X is sulfonyl and Y is immo which may have lower aikyl, 

and pharmaceutically acceotable salts thereof. 

8. A compound of Claim 7. m wnich 
X is cyanoiminomethyiene. and 
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Y is single bond. 

9. A compound of Claim 8. in which 
R- is hydroxy. lower alkanoyloxy or lower alkylsuifonyloxy and R* is hydrogen, or 
R^ and R* are linked together to form a bond. 
5 10. A compound of Claim 9. in which 

R^ IS hydrogen or lower alkyi, and 
R^ IS hydrogen, lov/er aikyl or aryl. 

11. A compound of Claim 10. which is selected from the group consisting of : 
trans-4-[N-[l-(cyanoimino)ethyl]amino]-3.4-dihydro-22-dimethyl-3-hydroxy-2H-l-ben20pyran-6-carbonitrile, 

10 and 

4-rN-[l-(cyanoimino)ethyl]amino]-2.2-dimethyl-2H-l-ben20pyran-6-carbonitnle. 

12. A compound of Claim 7. in which 

X IS sulfonyl. and 

y IS imino which may have lower alky I. 
?5 13. A compound of Claim 12. in which 

R' IS hydroxy, lower alkanoyloxy or lower alkylsuifonyloxy and R* is hydrogen, or 
R- and R* are linked together to form a bond, and 
R- and R^ are linked together to form ethylene. 

1 4. A process for preparing a compound of the formula : 

20 



25 




wherein 

R* and R^ are each lower alkyI, 

R- IS hydroxy or acyloxy and R* is hydrogen, or 

R3 and R'^ are linked together to form a bond, 

R^ is hydrogen or lower alkyI and R*^ is hydrogen, lower alkyI or aryl, or 

R^ and R*' are linked together to form lower alkylene. 

R' IS cyano, acyl. halogen, nitro or lower alkyl. 

X is cyanoiminomethylene or sulfonyl. and 

Y is single bond, thio. imino which may have lower alkyl. 

provided that 

i) when R^ is cyano, X is cyanoiminomethylene and Y is thio or imino which may have lower alkyl, then R^ 

is hydrogen or lower alkyl and R^ is aryl; and 

ii) when R^ is cyano. R^ and R^ are linked together to form lower alkylene and X is sulfonyl, then Y is thio 
or imino which may have lower alkyl. 

or a salt thereof, 
which comprises 

(1) reacting a compound of the formula : 



50 




wherein 

R\ R2 and R' are each as defined above, 
with a compound of the formula : 

R^- N -X-Y-RS 
H 
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■ G 



'5 



■.vherein 

R=. R^. X a.nc Y are each as cefined above, 
or a sait thereof. 

to give a compouna of the formula : 



5 6 




vvhereio R'. R-. R\ R^ X and Y are each as defined above or a salt thereof, or 
(2) acylating a compound of the formula : 



20 



25 



R^-N-X-Y-R^ 




30 



wherein 

R\ R^, R^. R^ X and Y are each as defined above, 
or a salt thereof, to give a compound of the formula: 



35 



40 



R 



R^-N-X-Y-R^ 




R" 



wherein 

R'. R2. R5. R6, R7 X and Y are each as defined above, and 

R3 IS acyioxy, 

or a salt thereof, or 

(3) subjecting a compound of the formula : 



R^-N-X-Y-R^ 



55 
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wherein 

R\ R^. R^. R^. R'. X and Y are each as defined above, and 
3^ 5S hydroxy or acyioxy. 
or a salt thereof. 
5 to elimination reaction of a compound of the formula: 
3^ - H 
wherein 

R^ IS as defined above, 

to give a compound of the formula : 




wherein 

R\ R-. R=. R^. R''. X and Y are each as defined above, 
or a salt thereof, or 

(4) reacting a compound of the formula : 




wherein 

R'. R^' and R' are each as defined above, and 
R! is hydrogen or lower aikyl, 
4G or a salt thereof, 

with a compound of the formula : 

Z-Xa-Ya-R° 

wherein 

R| is hydrogen, lower aikyl or aryl, 
45 Xa is cyanoiminomethylene, 
Ya is single bond or thio. and 
Z is a leaving group, 
to give a compound of the formula : 



Rl-N-Xa-Ya-R 



55 




a 
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wherein 

R'. R2. R= . . R^ Xa and Ya are each as defined above, 
or a salt thereof, or 

(5) reacting a compound of the formula : 



w 




20 



35 



wherein 

R\ R-. R'. R*. R; , R^ . R' and Xa are each as defined above, and 

Yb IS thic 

or a salt thereof. 

with a compound of the formula 

R2 -Yc-H 

wherein 

!S hydrogen, lower aikyi or aryl. and 
Yc IS imino which may have iower aikyI 
or a salt thereof. 

to give a compound of the formula : 



30 



R 



7 



R^-N-Xa-Yc-R^ 
a t D 




35 



40 



wherein 

R\ R^, R-. R\ R; , R^ , R^ Xa anc Yc are each as defined above, 
or a salt thereof, or 

(6) reacting a compound of the formula : 



NH 



45 




wherein 

R\ R2 and R'' are each as defined above, 
or a salt thereof. 

with a compound of the formuia : 
55 Z-Xa-A-R^ wherein 

Xa and Z are each as defined above. 
R^ IS acid residue, and 
A iS lower aikylene, 
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to give a compound of the formula 



A - Xa 



JO 




wherein 

R'. R^. R^ Xa and A are each as defined above, 
or a salt thereof, or 

(7) subjecting a compound of the formula : 



20 




wherein 

R'. R^. R-. R*. R^. R*'. X and Y are each as defined above, and 
R; is lower aikoxycarbonyl, 

or a salt thereof, to removal reaction of lower alkyi, to give a compound of the formula : 



R -N-X-Y-R 



35 




40 

wherein 

R\ R2. R2. R*, R5, R«. X and Y are each as defined above, and 

Ri is carboxy. 
or a sait thereof. 

45 1 5. A pharmaceutical composition which comprises, as an active ingredient, a compound of claim 1 or a 
pharmaceutically acceptable salt thereof in admixture with pharmaceutically acceptable carriers. 

16. Use a compound of claim 1 or a pharmaceutically acceptable salt thereof for the manufacture of a 
medicament for therapeutic treatment of K* channel mediated diseases. 

17. Use of a compound of claim 1 or a pahrmaceuticaily acceptable salt thereof for the manufacture of 
50 a medicament for therapeutic treatment of hypertension. 

18. Use of a compound of claim l or a pharmaceutically acceptable salt thereof as a medicament. 

19. Use of a compound of claim 1 or a pharmaceutically acceptable salt thereof as a K* channel 
activator. 

20. Use of a compound of claim i or a pharmaceutically acceptable sait thereof as a vasodilating agent. 
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